
11. BACKGROUND 

Th i s  s t a t e m e n t  p rov ides  a d e t a i l e d  d e s c r i p t i o n  and e v a l u a t i o n  of 
t h e  waste management o p e r a t i o n s  program and i t s  e f f e c t i v e n e s s  a t  INEL. 
Inc luded  a l s o  are d e s c r i p t i o n s  and e x p l a n a t i o n s  of t h e  waste management 
p r a c t i c e s  fo l lowed t o  e n s u r e  c o n t r o l  of bo th  r a d i o a c t i v e  and nonradio- 
a c t i v e  a i r b o r n e ,  l i q u i d ,  and s o l i d  w a s t e  e f f l u e n t s  a t  t h e  INEL f a c i l i -  
t ies. I n  a d d i t i o n ,  t h e  s t a t emen t  provided  a review of t h e  envi ronmenta l  
moni tor ing  d a t a  t h a t  have been c o l l e c t e d  r o u t i n e l y  as p a r t  of ERDA's 
moni tor ing  program f o r  a l l  ERDA f a c i l i t i e s .  

ERDA has  a p o l i c y  and p r a c t i c e  of c o n t r o l l i n g  p o t e n t i a l  sou rces  of 
p o l l u t i o n  a t  a level  as f a r  below e s t a b l i s h e d  s t a n d a r d s  as p r a c t i c a b l e [ l ] .  
The g u i d e l i n e s  f o r  implementing t h e s e  s t a n d a r d s  are g iven  i n  ERDA Manual 
Chapter 0 5 l l [ l ] ,  i n  t h e  "Plan f o r  t h e  Management of ERDA-Generated 
Rad ioac t ive  Wastes"[3], and i n  t h e  "INEL Waste Management Plan"[4]. 
S ince  t h e  l a t e  1960 ' s  and e a r l y  1 9 7 0 ' ~ ~  t h e  a d d i t i o n a l  emphasis has  
been p l aced  upon envi ronmenta l  p r o t e c t i o n .  I n  February 1970, t h e  Presi- 
den t  i s s u e d  Execut ive  Order 11507[5] t i t l e d  "Prevent ion ,  Con t ro l  , and 
Abatement of A i r  and Water P o l l u t i o n  a t  F e d e r a l  F a c i l i t i e s . "  Th i s  o r d e r  
provided  g u i d e l i n e s  f o r  F e d e r a l  l e a d e r s h i p  i n  a na t ionwide  e f f o r t  t o  pro- 
t e c t  and enhance t h e  q u a l i t y  of a i r  and water r e s o u r c e s .  I n  December 
1973, t h i s  o r d e r  w a s  r ep laced  by Execut ive  Order 11752 which provided  
even s t r o n g e r  F e d e r a l  l e a d e r s h i p  i n  t h e  a i r  and water p o l l u t i o n  c o n t r o l  
e f f o r t .  Based on t h i s  l a t t e r  o r d e r ,  ERDA i s s u e d  implementive d i r e c t i v e s  
which p rov ide  f o r  t h e  c o n t r o l  of waste management a t  ERDA Headquar te rs  
and a t  o p e r a t i o n a l  areas [ 13. 

The c u r r e n t  b a s i c  p o l i c i e s ,  c r i t e r i a ,  and s t a n d a r d s  f o r  management 
of ERDA gene ra t ed  r a d i o a c t i v e  waste at I N E L  are con ta ined  i n  t h e  ERDA 
Manual Chapter 0511 ( h e r e a f t e r  r e f e r r e d  t o  as ERDAM-0511, September 1 9 ,  
1973) ,  which p rov ides  i n  p a r t :  

F i e l d  o f f i c e s  and t h e i r  c o n t r a c t o r s  s h a l l  conduct t h e i r  
o p e r a t i o n s  and d i s p o s e  of and s tore '  r a d i o a c t i v e  waste 
i n  such a manner as t o  ensu re  t h a t  p r e s e n t  and f u t u r e  
r a d i a t i o n  exposures  t o  i n d i v i d u a l s  and p o p u l a t i o n  groups 
w i l l  be  a t  t h e  lowes t  levels t e c h n i c a l l y  and economically 
p r a c t i c a l  n o t  exceeding c o n c e n t r a t i o n  limits e s t a b l i s h e d  
i n  ERDAM-0524, Appendix P a r t s  I and 11; 

Continuing e f f o r t s  s h a l l  be made t o  develop and use  
improved technology f o r  reducing  t h e  r a d i o a c t i v i t y  
releases t o  t h e  lowes t  t e c h n i c a l l y  and economically 
p r a c t i c a l  l e v e l ;  

High- leve l  l i q u i d  r a d i o a c t i v e  waste s h a l l  n o t  be  
t r a n s p o r t e d  o f f s i t e ;  and 

The e x t e n t  and degree  of r a d i o a c t i v e  contaminat ion  of 
l and  by ERDA w a s t e  management a c t i v i t i e s  s h a l l  b e  
minimized. 
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The b a s i c  s t a n d a r d s  f o r  p r o t e c t i o n  of t h e  h e a l t h  and s a f e t y  of t h e  
p u b l i c  are those  conta ined  i n  ERDA Manual Chapter 0524 ( h e r e a f t e r  
r e f e r r e d  t o  as ERDAM-0524), which p rov ides  i n  p a r t :  

"ERDA and ERDA c o n t r a c t o r  o p e r a t i o n s  s h a l l  be  conducted 
i n  such a manner as t o  e n s u r e  t h a t  r a d i a t i o n  exposures  
t o  i n d i v i d u a l s  and p o p u l a t i o n  groups are l i m i t e d  t o  the 
lowes t  levels t e c h n i c a l l y  and economically p r a c t i c a l . "  

The c u r r e n t  cr i ter ia  and s t a n d a r d s  f o r  p r o t e c t i o n  of domestic water 
s u p p l i e s  and c o n t r o l  of a i r  p o l l u t i o n  i n  Idaho are found i n  s t a n d a r d s  
promulgated by t h e  S t a t e  of Idaho. ERDA-ID u s e s  t h e s e  s t a n d a r d s  as 
guides .  
t o  t h e  p r o t e c t i o n  of domest ic  water s u p p l i e s  (Sec t ions  37-2102, 54-1213, 
and 39-101, as amended, Idaho Code), s t a n d a r d s  f o r  chemical, p h y s i c a l ,  
and b a c t e r i a l  p u r i t y  f o r  water s u p p l i e s  i n  t h e  State of Idaho w e r e  pub- 
l i s h e d  by t h e  S t a t e  Department of Heal th .  These s t a n d a r d s  are found i n  
t h e  fo l lowing  document: 

I n  accordance w i t h  t h e  p r o v i s i o n s  of Idaho s t a t u t e s  p e r t a i n i n g  

Idaho Drinking Water S tanda rds  
Engineer ing  and S a n i t a t i o n  D i v i s i o n  
Idaho Department of Health 
Boise,  Idaho 
Adopted 1964. 

Where s p e c i f i c  water q u a l i t y  s t a n d a r d s  are n o t  i d e n t i f i e d  i n  the 
above document, t h e  Water Q u a l i t y  Criteria and S tanda rds  of t h e  S t a t e  of 
C a l i f o r n i a  are used as gu ides .  

On A p r i l  30, 1971, t h e  U.S. Environmental P r o t e c t i o n  Agency (EPA) 
adopted c e r t a i n  n a t i o n a l  primary and secondary ambient a i r  q u a l i t y  
s t a n d a r d s  (Fede ra l  R e g i s t e r ,  Volume 36, No. 87) under a u t h o r i t y  of 
S e c t i o n  109 of t h e  Clean A i r  Act ,  as amended ( P u b l i c  Law 91-604; 84 s t a t .  
1676). Under S e c t i o n  110 of t h i s  F e d e r a l  l a w ,  each s t a t e  w a s  r e q u i r e d  
t o  adopt and submit t o  t h e  Admin i s t r a to r  of EPA a p l a n  which provided  
f o r  implementation, maintenance, and enforcement of n a t i o n a l  ambient a i r  
q u a l i t y  s t a n d a r d s  w i t h i n  each a i r  q u a l i t y  r eg ion .  
r e g u l a t i o n s ,  which are used by ERDA a t  INEL, are found i n  t h e  Rules  and 
Regula t ions  f o r  t h e  Con t ro l  of A i r  P o l l u t i o n  i n  Idaho - Idaho Department 
of Environmental and Community S e r v i c e s  1972. 

Idaho ' s  r u l e s  and 
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A. DESCRIPTION OF INEL OPERATIONS AND FACILITIES 

INEL w a s  e s t a b l i s h e d  i n  1949 by t h e  AEC as an area where AEC could 
b u i l d ,  test ,  and o p e r a t e  v a r i o u s  types  of n u c l e a r  r e a c t o r s ,  suppor t  
p l a n t s ,  and equipment w i t h  m a x i m u m  s a f e t y .  ERDA assumed AEC f u n c t i o n s  
i n  1975. O r i g i n a l l y ,  INEL w a s  c a l l e d  t h e  N a t i o n a l  Reac to r  T e s t i n g  Sta-  
t i o n  (NRTS). I n  August 1974, NRTS was r e d e s i g n a t e d  as t h e  Idaho N a t i o n a l  
Engineer ing  Labora tory  (INEL) t o  r e f l e c t  t h e  broad scope of eng inee r ing  
a c t i v i t i e s  conducted a t  t h e  s t a t i o n .  

I 

A s  shown i n  F i g u r e  11-1, INEL is  s i t u a t e d  on the Upper Snake River 
P l a i n  i n  s o u t h e a s t e r n  Idaho a t  an average  e l e v a t i o n  of 4,900 f t .  
s t a t i o n  encompasses 571,800 acres. The boundary s t r e t c h e s  39 m i .  from 
n o r t h  t o  s o u t h  and about 36 m i .  from east t o  w e s t  a t  i ts  broader  sou the rn  
p a r t .  From Idaho F a l l s  t h e  n e a r e s t  boundary is  30 a i r  m i l e s  toward t h e  
w e s t ,  B lackfoot  i s  32  m i .  s o u t h e a s t  of t h e  s o u t h e r n  boundary and 
P o c a t e l l o  is  50 m i ,  s o u t h e a s t  of t h e  s i te .  A r c 0  l ies  7 m i .  w e s t  of t h e  
w e s t  s t a t i o n  boundary, and w i t h  i t s  p o p u l a t i o n  of 1 ,244,  i s  t h e  l a r g e s t  
community nearby. Land immediately o u t s i d e  t h e  INEL boundar ies  is  used 
mainly f o r  range  g r a z i n g  f o r  l i v e s t o c k .  However, t h e r e  is  bome i r r i g a -  
t i o n  farming i n  areas a few m i l e s  n o r t h  and n o r t h e a s t  of t h e  s t a t i o n .  
Large areas of l and  are i r r i g a t e d  n e a r  t h e  Snake River, about 20  m i .  
from INEL. No one r e s i d e s  on INEL. 

The 



Figure 11-1. Map of Idaho Showing Location of Idaho National Engineering 
Laboratory (INEL), Snake River Plain, and Generalized Ground-Water Flow 
Lines for the Snake River Plain Aquifer. 
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The d e s e r t  p l a i n  on which INEL i s  l o c a t e d  i s  p a r t  of the c o o l  
d e s e r t  shrub biome. Vegeta t ion  i s  t y p i c a l  of  t h e  coo l  d e s e r t  w i th  
l a r g e  sagebrush  (Ar t imes ia  t r i d e n t a t a )  conspicuous over  80% of  t h e  s i te .  
The animal  l i f e  o f t e n  observed on INEL i n c l u d e s  t h e  pronghorn a n t e l o p e ,  
v a r i o u s  k i n d s  of  b i r d s ,  r e p t i l e s ,  and s m a l l  mammals. 

The mean annual  p r e c i p i t a t i o n  i s  8.5 i n .  Underlying t h e  desert 
p l a i n  i s  a l a r g e  a q u i f e r  sys tem (F igure  11-1) i n  t h e  b a s a l t i c  l a v a  rock .  
The l a t e ra l  flow of t h i s  water i s  about  1 b i l l i o n  g a l l o n s l d a y .  The 
a q u i f e r  i s  recharged  from the watershed formed by t h e  mountains sur rounding  
t h e  p l a i n .  No s u r f a c e  streams f low from INEL t o  o u t l y i n g  a r e a ,  b u t  t h r e e  
streams f low o n s i t e  and s i n k .  

C u r r e n t l y  f o u r  major c o n t r a c t o r s  o p e r a t e  f a c i l i t i e s  a t  INEL ( s e e  
F igu re  11-2) : 

(1) EG&G Idaho,  Inc .  o p e r a t e s  t h e  T e s t  Reac tor  Area 
(TRA), Test Area North (TAN), Loss-of-Fluid Test (LOFT) , 
Power Burs t  F a c i l i t y  (PBF), A u x i l i a r y  Reac tor  Area (ARA) , 
INEL Rad ioac t ive  Waste Management Complex (RWMC), and 
C e n t r a l  F a c i l i t i e s  A r e a  (CFA). The o p e r a t i o n s  a t  CFA 
prov ide  suppor t  s e r v i c e s  f o r  o u t l y i n g  INEL o p e r a t i o n a l  
areas i n c l u d i n g  t r a n s p o r t a t i o n ,  warehouses,  c a f e t e r i a ,  
l aundry ,  pu rchas ing ,  and o t h e r  s e r v i c e s .  

(2) A l l i e d  Chemical Corpora t ion  (ACC) o p e r a t e s  t h e  Idaho 
Chemical P rocess ing  Plant (ICPP). 

( 3 )  Argonne Na t iona l  Labora tory  (ANL) o p e r a t e s  Argonne 
Na t iona l  Labora tory  West (MIL-W) which i n c l u d e s  t h e  
Experimental  Breeder  Reac tor  No. 2 (EBR-11) and o t h e r  
a s s o c i a t e d  f a c i l i t i e s .  

( 4 )  Westinghouse Elec t r ic  Corpora t ion  (WEC) o p e r a t e s  t h e  
Naval Reac tor  F a c i l i t y  (NRF). 

These f a c i l i t i e s  suppor t  f i v e  major programs a t  INEL. One pro- 
gram p rov ides  tes t  i r r a d i a t i o n  services from t h e  two o p e r a t i n g  high- 
f l u x  tes t  r e a c t o r s :  t h e  Engineer ing  T e s t  Reac tor  (ETR) and t h e  Advanced 
T e s t  Reac tor  (ATR) a t  TRA. A second major program i s  t h a t  of l i g h t  
water-cooled r e a c t o r  s a f e t y  t e s t i n g  and r e sea rch .  LOFT and PBF r e a c t o r s  
are t h e  major p r o j e c t s  i n  t h e  r e a c t o r  s a f e t y  program. ICPP r ecove r s  
uranium from a v a r i e t y  o f  s p e n t  r e a c t o r  f u e l s  and conducts  and demonstrates  
technology f o r  t h e  t r ea tmen t  o f  h igh - l eve l  r a d i o a c t i v e  l i q u i d  waste. 
An impor tan t  and expanding segment of  INEL r e s p o n s i b i l i t i e s  c o n s i s t s  
o f  ass ignments  f o r  f u r t h e r i n g  ERDA's Liquid-Metal Fast-Breeder  Reac tor  
(LMFBR) program. Th i s  r e s e a r c h  i s  b e i n g  conducted p r i n c i p a l l y  a t  t h e  
ANL-W area. NRF i s  a t r a i n i n g  and exper imenta l  f a c i l i t y  f o r  U. S. 
Navy n u c l e a r  programs. 

A l l  o f  t h e s e  INEL o p e r a t i o n s  produce v a r i o u s  q u a n t i t i e s  of rad io-  
act ive and n o n r a d i o a c t i v e  waste e f f l u e n t s .  
t h e  r a d i o a c t i v e  wastes are produced and c o n t r o l l e d  a t  a l l  of t h e  INEL 

The p rocesses  by which 
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IDAHO NATIONAL ENGINEERING LABORATORY 

L, I (See Appendix B for a l ist  of abbrev ia t ions . )  

Figure 11-2. INEL F a c i l i t y  Locations.  

STATE OF I O A W  
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r e a c t o r s  are s imi l a r  (ICPP p r o c e s s e s  d i f f e r  i n  t h a t  i t  i s  a f u e l  reprocess-  
i n g  f a c i l i t y ) .  
are f i s s i o n  and a c t i v a t i o n  p roduc t s .  The f i s s i o n  p r o c e s s  w i t h i n  t h e  
r e a c t o r  produces t h e  f i s s i o n  p roduc t s .  
p roduc t s  formed dur ing  n u c l e a r  o p e r a t i o n s  are conta ined  w i t h i n  s e a l e d  
metal s h e a t h s  c a l l e d  " f u e l  elements." Although s t r e n u o u s  p r e c a u t i o n s  
are t aken  t o  c o n t a i n  a l l  of t h e  f i s s i o n  p roduc t s  w i t h i n  t h e  f u e l  e lements ,  
100% containment i s  n o t  p o s s i b l e .  For example, some f i s s i o n  p roduc t s  
mig ra t e  through t h e  f u e l  element c l add ing  and become e n t r a i n e d  i n  t h e  
primary coo lan t  f l u i d .  F u r t h e r ,  t h e  r a d i o a c t i v e  a c t i v a t i o n  p roduc t s  t h a t  
r e s u l t  from a c t i v a t i o n  of r e a c t o r  i n t e r n a l s  and pr imary  coo lan t  i m p u r i t i e s  
a l s o  are p r e s e n t  i n  t h e  pr imary  coo lan t  stream. These g a s e s  are removed 
from t h e  l i q u i d  i n  degass ing  vessels and are r o u t e d  t o  w a s t e  gas  systems 
p r i o r  t o  release from h i g h - r i s e  s t a c k s .  
c y c l e  and water-cooled systems. The c losed-cyc le  systems ( c a l l e d  t h e  

d ischarged  t o  w a s t e  systems u n t i l  t h e  r e a c t o r  i s  s h u t  down and t h e  p r i -  
mary system i s  d ra ined .  A d d i t i o n a l  e f f l u e n t  from sample and purge 
streams, bo th  of which c o n t a i n  s m a l l  q u a n t i t i e s  o f  r a d i o a c t i v i t y ,  are 
d i scha rged  con t inuous ly  t o  waste systems dur ing  r e a c t o r  o p e r a t i o n .  I n  
a d d i t i o n  t o  s h o r t - l i v e d  i s o t o p e s  which decay r a p i d l y ,  minor q u a n t i t i e s  
of long- l ived  f i s s i o n  and a c t i v a t i o n  p roduc t s  (e .g . ,  tritium, chromium-51, 
s t ron t ium-90 ,  and cobalt-60) are i n  t h e  waste stream. Expended f u e l  
e lements ,  which c o n t a i n  most of t h e  f i s s i o n  p roduc t s  and u n f i s s i o n e d  
uranium, are removed from t h e  r e a c t o r  and t r a n s f e r r e d  t o  ICPP i n  
s h i e l d e d  c o n t a i n e r s  f o r  r ecove ry  of t h e  uranium. 
e lements  are s u b j e c t e d  t o  chemical procedures .  F i r s t ,  t hey  are d i s -  
so lved  by a c i d s .  
s e p a r a t e d  from the o t h e r  materials. 
con ta in ing  t h e  f i s s i o n  p roduc t s  and t r a n s u r a n i c s ,  then i s  rou ted  
t empora r i ly  t o  underground s t o r a g e  t anks .  Subsequent ly ,  i t  i s  s o l i d i f i e d  
and s t o r e d  as a c a l c i n e d  s o l i d .  

The major r a d i o a c t i v e  contaminants from r e a c t o r  o p e r a t i o n s  

The r e a c t o r  f u e l  and t h e  f i s s i o n  

Most INEL r e a c t o r s  u se  closed- 

primary coo lan t  systems") c o n t a i n  most of t h e  r a d i o a c t i v i t y  and are n o t  11 

A t  ICPP t h e  f u e l  

The uranium i n  t h e  a c i d  s o l u t i o n  then  is  chemica l ly  
The h i g h - l e v e l  r a d i o a c t i v e  waste, 

Each of t h e  INEL f a c i l i t i e s  a l s o  r o u t i n e l y  g e n e r a t e s  n o n r a d i o a c t i v e  
These wastes are p r i m a r i l y  chemica l ly  i n d u s t r i a l  and s a n i t a r y  wastes. 

contaminated water and f o s s i l  f u e l  combustion byproducts.  The l i q u i d  
chemical wastes are e i t h e r  rou ted  t o  seepage ponds o r  are d i scha rged  t o  
d i s p o s a l  w e l l s .  
o r  sha l low subsu r face  i r r i g a t i o n  f i e l d s .  
p roduc t s  are r e l e a s e d  t o  t h e  atmosphere. 

S a n i t a r y  wastes are t r e a t e d  and t h e n  d i scha rged  t o  ponds 
F o s s i l  f u e l  combustion by- 
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To ensu re  compliance w i t h  the above mentioned s t a n d a r d s ,  a l l  e f f l u e n t  
waste streams are c o n t r o l l e d ,  p rocessed ,  and sampled p r i o r  t o  release. 
Th i s  procedure  h a s  been i n  e f f e c t  s i n c e  t h e  e s t ab l i shmen t  of  INEL. The 
waste d i s p o s a l  d a t a  were c o l l e c t e d  and processed  manually u n t i l  1971; 
a t  t h a t  t i m e ,  a computer ized system w a s  developed which has  been  des igna ted  
as t h e  Waste Management Informat ion  System (WMIS) [81. The purpose of 
t h i s  system is t o  p rov ide  t ime ly  and a c c u r a t e  computer genera ted  r e p o r t s  
i n d i c a t i n g  t h e  amounteof a i r b o r n e ,  l i q u i d ,  and s o l i d  r a d i o a c t i v e  and 
i n d u s t r i a l  waste t h a t  has  been d isposed  of  and s t o r e d  a t  INEL. WMIS, 
i n  a d d i t i o n  t o  p rov id ing  a t ime ly  and a c c u r a t e  r e p o r t i n g  system, h a s  
y i e l d e d  a broad  d a t a  b a s e  which has proven u s e f u l  a t  v a r i o u s  levels of 
management i n  a p p r a i s i n g  r a d i o a c t i v e  and i n d u s t r i a l  waste programs. The 
r a d i o l o g i c a l  and i n d u s t r i a l  waste d a t a  p re sen ted  i n  t h i s  document w e r e  
ob ta ined  from WMIS . While p r e c i s e  and traceable, t h e s e  d a t a ,  however, 
could  be  misunderstood i f  n o t  p r o p e r l y  u t i l i z e d .  I n  those  cases where 
a long- l ived  p a r e n t  decays t o  a s h o r t - l i v e d  daughter  ( i . e . ,  cerium-144 
t o  praseodymium-144 , strontium-90 t o  yttrium-90) , o n l y  t h e  r a d i o a c t i v i t y  
o f  t h e  p a r e n t  n u c l i d e  is p r e s e n t e d  i n  th is  environmental  s t a t emen t .  In  
t h e s e  s i t u a t i o n s  s e c u l a r  e q u i l i b r i u m  has been e s t a b l i s h e d  and t h e  a c t i v i t y  
o f  t h e  p a r e n t  n u c l i d e  and daughter  n u c l i d e  w i l l  be  p r a c t i c a l l y  t h e  same. 
The daugh te r  n u c l i d e  w i l l  b e  p r e s e n t  i n  i d e n t i c a l  c u r i e  amounts b u t  is 
n o t  p re sen ted  i n  any of  t h e  t a b l e s  i n  t h i s  document. F u r t h e r ,  excep t  
where s p e c i f i e d ,  a l l  r a d i o a c t i v e  waste amounts are s t a t e d  a s  o f  t h e  t i m e  
t hey  become c l a s s i f i e d  as wastes, w i th  no al lowance b e i n g  made f o r  
r a d i o a c t i v e  decay. 

Summary d e s c r i p t i o n s  of each of t h e  INEL f a c i l i t i e s  and t h e i r  
r e s p e c t i v e  waste management programs are given i n  t h e  fo l lowing  s u b s e c t i o n s .  
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1. Argonne N a t i o n a l  Labora tory  - West (ANL-W) 

The ANL-W f a c i l i t y [ 9 ]  area is s i t u a t e d  on t h e  extreme 
s o u t h e a s t e r n  p o r t i o n  of  INEL as shown i n  F igure  11-2. It c u r r e n t l y  
c o n s i s t s  of f i v e  major complexes: t h e  Experimental  Breeder Reac tor  
No. 2 (EBR-11) , t h e  T r a n s i e n t  Reac tor  T e s t  F a c i l i t y  (TREAT), t h e  Zero 
Power Plutonium Reactor  (ZPPR), t h e  Hot Fuel Examination F a c i l i t y  (HFEF), 
and t h e  Labora tory  and O f f i c e  (L&O) and t h e  suppor t  complex, a l l  of  
which are o p e r a t e d  by A l a  f o r  ERDA. F igure  11-3 i s  an aer ia l  view of 
t h e  ANL-W area, 

EBR-I1  

EBR-I1 is an expe r imen ta l  liquid-metal .cooled f a s t -  
b r e e d e r  r e a c t o r  which became o p e r a b l e  i n  1961. EBR-I1  is an unmod- 
e r a t e d  he te rogeneous ,  sodium-cooled r e a c t o r  w i th  a thermal  power ou tpu t  
of 62.5 MW, a n  i n t e r m e d i a t e  closed-loop secondary h e a t  t r a n s f e r  system, 
and a s t e a m / e l e c t r i c  p l a n t  t h a t  is  designed t o  produce 20 MW of e l e c t r i c a l  
power through a conven t iona l  steam t u r b i n e  gene ra to r .  The r e a c t o r  p l a n t ,  
o r i g i n a l l y  des igned  t o  demonst ra te  i t s  eng inee r ing  concept ,  is t h e  
p r i m e  ERDA f a c i l i t y  f o r  i r r a d i a t i n g  samples  of r e a c t o r  f u e l s  and s t r u c t u r a l  
materials f o r  t h e  Liquid-Metal Fast-Breeder Reac tor  (LMFBR) development 
p rogram[ lO , l l I .  

The e n t i r e  r e a c t o r  is submerged i n  a l a r g e  c o n t a i n e r  (primary tank)  
f i l l e d  wi th  ~ 9 0 , 0 0 0  g a l l o n s  of  molten sodium. The molten sodium is 
pumped through t h e  c o r e  of  the r e a c t o r ,  then through a h e a t  exchanger 
t o  t r a n s f e r  the heat from t h e  pr imary  sodium system t o  a secondary 
system, a l s o  c o n t a i n i n g  sodium. The primary sodium, which is r a d i o a c t i v e ,  
is conf ined  t o  t h e  pr imary  t a n k  and i s  i s o l a t e d  from t h e  n o n r a d i o a c t i v e  
secondary sodium. 

The pr imary  system is  l o c a t e d  e x c l u s i v e l y  w i t h i n  t h e  conf ines  of t h e  
r e a c t o r  b u i l d i n g ,  a c y l i n d r i c a l  g a s t i g h t  s teel  containment s h e l l .  The 
primary sys tem i n c l u d e s  t h e  r e a c t o r  system, which g e n e r a t e s  h e a t  by nu- 
c l e a r  f i s s i o n ;  t h e  primary c o o l i n g  system, which abso rbs  h e a t  from t h e  
r e a c t o r  and t r a n s f e r s  t h e  h e a t  i n  t h e  i n t e r m e d i a t e  h e a t  exchanger t o  t h e  
secondary system; and a f u e l  hand l ing  system, f o r  removal and i n s e r t i o n  of 
subassembl ies  i n  t h e  r e a c t o r .  

A l so  a s s o c i a t e d  w i t h  EBR-11, b u t  o u t s i d e  t h e  containment b u i l d i n g ,  
are a c o o l i n g  tower t o  d i s s i p a t e  t h e  42.5 MW of thermal  energy  r e j e c t e d  
by the condenser ,  a component c leanup f a c i l i t y ,  and a f u e l  assembly 
and s t o r a g e  b u i l d i n g .  The component cleanup f a c i l i t y  is a 25- x 35-ft 
c o n c r e t e  s l a b  covered w i t h  carbon s teel ,  a 2,500-gallon carbon steel 
r e t e n t i o n  t ank ,  and t h e  n e c e s s a r y  equipment and hardware f o r  r e t e n t i o n  
and d i s p o s a l  of  l i q u i d s .  Components c o n t a i n i n g  sodium are c leaned  
by r e a c t i o n  w i t h  water and /o r  a l c o h o l .  

TREAT 

TREAT is  a r e a c t o r  designed t o  produce s h o r t  extreme 
p u l s e s  of  n u c l e a r  energy  w i t h  r e s u l t a n t  t empera tu res  h igh  enough t o  permi t  
meltdown s t u d i e s  of  s e l e c t e d  p r o t o t y p e  and exper imenta l  f u e l  e lements .  
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The r e a c t o r  became o p e r a t i o n a l  i n  Fsbru,Fry 1959. The immediate o b j e c t i v e  
o f  TREAT tes ts  is  t o  p rov ide  q u a n t i t a t i v e  d a t a  and i n d i r e c t  v i s u a l  in format ion  
on t h e  mechanism of  me l t ing  f a s t  r e a c t o r  f u e l  e lements  by n u c l e a r  h e a t i n g  
ana lagous  t o  a power excur s ion  i n  a f a s t  r e a c t o r  co re [12 ,13 ] .  

A unique des ign  f e a t u r e  is i t s  s h i e l d e d  viewing s l o t s  on two 
o f  t h e  r e a c t o r  f a c e s .  
been developed f o r  use  w i t h  t h e s e  two s l o t s  s o  t h a t  reactive mechanisms 
t a k i n g  p l a c e  i n  samples  can b e  recorded  on f i l m  f o r  d e t a i l e d  s tudy .  
The TREAT complex comprises  a r e a c t o r  b u i l d i n g  and a c o n t r o l  b u i l d i n g  
l o c a t e d  nor thwes t  of  t h e  EBR-I1  r e a c t o r  b u i l d i n g .  

Both o p t i c a l  and gamma camera t echn iques  have 

ZPPR 

ZPPR i s  s i t u a t e d  about  1,000 f t  s o u t h e a s t  of t h e  EBR-I1  
r e a c t o r .  Experiments u s ing  ZPPR p rov ide  r e a c t o r  phys i c s  in fo rma t ion  
needed f o r  des ign ing  and developing  l a r g e  plutonium f u e l e d  f a s t -b reede r  
r e a c t o r s  f o r  f u t u r e  commercial n u c l e a r  powerplants  which w i l l  gene ra t e  
up t o  1,000 MW o f  thermal p ~ w e r [ ~ ~ , ~ ~ ] .  

ZPPR c o n s i s t s  o f  two a s sembl i e s  o f  honeycombed l a t t i c e s  mounted 
on  s e p a r a t e  steel  t a b l e s .  
are loaded  w i t h  drawers  o f  mockup f u e l s  and o t h e r  materials, and then  
are brought  t o g e t h e r  f o r  o p e r a t i o n .  
a v a r i e t y  o f  p a t t e r n s ,  ZPPR can b e  used t o  s i m u l a t e  many r e a c t o r  c o r e  
des igns .  

The t a b l e s  are kep t  s e p a r a t e d  w h i l e  t h e  l a t t i ce s  

Because t h e  materials can be  loaded i n  

The ZPPR c e l l  is housed i n  a 50-f t -diameter  c o n c r e t e  b u i l d i n g  
approximately 32 f t  h igh .  The b u i l d i n g  h a s  conc re t e  access t u n n e l s  
t o  t h e  v a u l t  b u i l d i n g  and t h e  o u t s i d e .  
and t h e  v a u l t  b u i l d i n g  are enc losed  i n  an e a r t h  mound approximately 
50 f t  h i g h .  
g r a v e l  mix t o  a minimum depth  of  16 f t .  The ce l l  roof would serve 
e f f e c t i v e l y  as a n  a i r  f i l t e r  i n  case of a major a c c i d e n t .  

The e n t i r e  c e l l ,  t h e  t u n n e l s ,  

The roof  of t h e  c e l l  ( .~2 ,000  f t 2 )  i s  f i l l e d  wi th  a sand- 

HFEF 

HFEF c o n s i s t s  of  two s e p a r a t e  b u i l d i n g s :  HFEF-South 
serves p r i m a r i l y  as an  i r r a d i a t e d  subassembly-disassembly i n s p e c t  i o n  
assembly p o i n t  and HFEF-North serves p r i m a r i l y  d i a g n o s t i c  and i n s p e c t i o n  
f u n c t i o n s  16,1$,181.  

HFEF-South is comprised of an  argon atmosphere ce l l  and an  a d j a c e n t  
a i r  atmosphere cel l .  I r r a d i a t e d  r e a c t o r  subassembl ies  are d isassembled ,  
i n s p e c t e d ,  and reassembled i n  these cells. The argon ce l l  provides  
a r a d i a t i o n  s h i e l d e d  area where f u e l  can be exposed i n  an i n e r t  atmosphere 
du r ing  p rocess ing  o p e r a t i o n s .  The f a c i l i t y  i s  devoted e n t i r e l y  t o  
examinat ion of  materials and f u e l s  i r r a d i a t e d  i n  EBR-I1  and TREAT f o r  
t h e  LMFBR program. An o p e r a t i n g  area used by pe r sonne l  sur rounds  t h e  
two ce l l s .  The HFEF-South f a c i l i t y  i s  designed t o  handle  c o r e  subassembl ies  
w i th  a c t i v i t i e s  up t o  about  500,000 C i .  The ce l l s  are s h i e l d e d  f o r  
gamma r a d i a t i o n  levels o f  up t o  lo6  R/hr.  
access  t o  t h e  EBR-I1 r e a c t o r  b u i l d i n g  f o r  t r a n s f e r r i n g  f u e l e d  subassembl ies  
i n  a s u i t a b l e  s h i e l d e d  cask between t h e  r e a c t o r  b u i l d i n g  and t h e  f u e l  

The HFEF-South b u i l d i n g  h a s  
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examinat ion f a c i l i t y .  Here r e a c t o r  subassembl ies  can be  d isassembled  
and reassembled,  and f u e l  e lements  can be  i n s p e c t e d  and t e s t e d  by remote 
n o n d e s t r u c t i v e  methods [ I 9  1. 

The HFEF-North b u i l d i n g  is used f o r  i n t e r i m  and f i n a l  examinat ion 
of  f a s t  r e a c t o r  f u e l  and s t r u c t u r a l  specimens i r r a d i a t e d  i n  f a c i l i t i e s  
suppor t ing  the LMFBR program. The main c e l l  i s  cons t ruc t ed  o f  high- 
d e n s i t y  c o n c r e t e  w i t h  a g a s t i g h t  s teel  l i n e d  enc losu re .  An argon atmo- 
sphe re  i n  t h e  c e l l  p rov ides  an i n e r t  atmosphere needed f o r  remote examinat ions.  

Labora tory  and O f f i c e  (L&O) and Support  Complex 

The remainder o f  ANL-W is des igna ted  as t h e  L&O and 
t h e  suppor t  complex. These c o n s i s t  o f  the l a b o r a t o r y  and o f f i c e  b u i l d -  
i n g ,  a f i r e h o u s e ,  waste t r ea tmen t  b u i l d i n g s  and f a c i l i t i e s ,  s t o r a g e  
f a c i l i t i e s ,  pumphouses, s u b s t a t i o n s ,  and o t h e r  misce l laneous  b u i l d i n g s .  

[ a1 a. Systems f o r  Vent ing Rad ioac t ive  Airborne Wastes 

EBR-I1  

Rad ioac t ive  a i r b o r n e  e f f l u e n t  from t h e  EBR-I1 complex 
(F igu re  11-4) c o n s i s t s  of  noble  gas  f i s s i o n  products  (which i n c l u d e  
i s o t o p e s  of xenon and k ryp ton  and t h e i r  daughter  p roduc t s )  and of products  
due t o  a c t i v a t i o n  o f  t h e  argon cover  gas  (which i n c l u d e  argon-41, sho r t -  
l i v e d  i s o t o p e s  o f  oxygen and n i t r o g e n ,  and t r i t i u m ) .  The argon cover  
gas  i n  t h e  pr imary t ank  i s  l o c a t e d  i n  a plenum immediately above t h e  
s u r f a c e  of  t h e  pr imary sodium[20,211. Because of  a p o s i t i v e  p r e s s u r e  
d i f f e r e n t i a l  ( i . e . ,  p r e s s u r e  i n s i d e  t h e  tank  is g r e a t e r  than  t h a t  o u t s i d e  
i t ) ,  any leakage  from t h e  cover  gas  e n t e r s  t h e  containment  b u i l d i n g .  
The b u i l d i n g  atmosphere c o n t a i n i n g  t h i s  gas is withdrawn through t h e  
s h i e l d  c o o l i n g  system, through h igh  e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) 
f i l t e r s ,  and recombined w i t h  b u i l d i n g  atmosphere c o n t a i n i n g  t h e  remaining 
gas  which is withdrawn through a th imble  c o o l i n g  system ( a  moni tor ing  
dev ice  f o r  t h e  r e a c t o r  f l u x )  and a l s o  passed through t h e  HEPA f i l t e r s .  
The combined flow then  p a s s e s  through a r a d i a t i o n  moni tor ,  through a 
blower,  t o  a 200-ft-high exhaus t  gas  s t a c k .  Downstream of t h e  HEPA 
f i l t e r s ,  t h e r e  is a cons t an t  a i r  monitor  t o  determine t h e  p a r t i c u l a t e  
c o n c e n t r a t i o n  o f  t h e  a i r b o r n e  d i scha rge  from t h e  containment  b u i l d i n g .  
I f  t h e  monitor  alarms, t h e  r e a c t o r  is shutdown and t h e  c o n d i t i o n  is 
i n v e s t i g a t e d  and c o r r e c t e d .  The containment b u i l d i n g  may be i s o l a t e d  
from t h e  s t a c k  d i scha rge  e i t h e r  manually o r  a u t o m a t i c a l l y ,  t o  prevent  
emiss ion  of  r a d i o a c t i v e  gases  t o  t h e  atmosphere.  Automatic i s o l a t i o n  
i s  i n i t i a t e d  by a gamma moni tor ing  system. Manual i s o l a t i o n  i s  i n i t i a t e d  
i n  t h e  c o n t r o l  room by t h e  s h i f t  s u p e r v i s o r .  

During o p e r a t i o n s  i n  which v a r i o u s  f u e l s  are t e s t e d ,  f u e l  c l add ing  
f a i l u r e s  may occur .  I n  t h i s  event  f i s s i o n  product  noble  gas  c o n c e n t r a t i o n s  
i n c r e a s e .  I n  o r d e r  t o  i d e n t i f y  t h e  subassembly c o n t a i n i n g  t h e  f a i l e d  
e lement ,  cont inued  r e a c t o r  o p e r a t i o n  may be  n e c e s s a r y ;  however, t h i s  

[ a ]  S e e  Appendix E ,  Sec t ion  3.A. f o r  system improvements completed 
du r ing  1975-76. 
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may i n c r e a s e  t h e  f i s s i o n  product  c o n c e n t r a t i o n s  i n  t h e  argon cover  gas 
and i n  t h e  containment b u i l d i n g .  It then would become necessa ry  t o  
purge t h e  cover  gas system t o  reduce  the f i s s i o n  product  concen t r a t ion .  
The purge d i scha rge  ra te  is determined by measuring t h e  c o n c e n t r a t i o n s  
of n u c l i d e s  i n  t h e  containment b u i l d i n g  so t h a t  d i scha rge  l i m i t s  are 
n o t  exceeded. The purged argon cover  gas is exhaus ted  a t  a ra te  o f  
up t o  3 f t3 /min  through a vapor t r a p  and a 10 p s i n t e r e d  metal a e r o s o l  
f i l t e r  i n t o  t h e  s t a c k  system. The purge does n o t  pas s  through 
HEPA f i l t e r s .  The system is  shown i n  F igure  11-4 as t h e  pr imary argon 
cover  gas  inc reased  purge system. 

The c o n c e n t r a t i o n s  o f  r ad ionuc l ides  i n  the  containment b u i l d i n g  
i n c r e a s e  as cover  gas  a c t i v i t y  and gas  leakage  i n c r e a s e .  When such 
i n c r e a s e s  are d e t e c t e d ,  gas samples from t h e  containment b u i l d i n g  are 
analyzed t o  i d e n t i f y  t h e  contaminants  and t h e i r  c o n c e n t r a t i o n s .  I f  
t h e  a c t i v i t y  l e v e l s  are w i t h i n  predetermined accep tab le  l i m i t s ,  t h e  
atmosphere i n  the containment b u i l d i n g  area may b e  purged d i r e c t l y  
t o  t h e  o u t s i d e  atmosphere through a 6 ,000-ft3/min c e n t r i f u g a l  blower 
i n  a d d i t i o n  t o  t h a t  processed through t h e  HEPA f i l t e r  system p rev ious ly  
desc r ibed  . 

The systems used t o  monitor t h e  cover gas are as : 

(1) F i s s i o n  gas  monitor (FGM) - The FGM c o n s i s t s  e s s e n t i a l l y  
o f  fou r  major components: a cover gas d e l i v e r y  system, 
an  e l e c t r o s t a t i c  p r e c i p i t a t i o n  chamber, a water-mercury 
t r a p ,  and a r a d i a t i o n  d e t e c t i o n  system. Two independent 
gamma s e n s i t i v e  r a d i a t i o n  d e t e c t o r s  are used t o  monitor  
t h e  a c t i v i t y  l e v e l  of  a lka l i -meta l  daugh te r s  of t h e  radio-  
a c t i v e  rare gases .  S igna l s  from t h e  moni tor ing  equipment 
are t r a n s m i t t e d  t o  t h e  c o n t r o l  room, where they  are d i sp layed  
i n  count  rate form on a p p r o p r i a t e  s t r i p  c h a r t  r e c o r d e r s .  

(2)  Reac tor  cover  gas  monitor (RCGM) - The RCGM c o n s i s t s  essen-  
t i a l l y  of t h e  t h r e e  s e p a r a t e  s ing le-channel  p u l s e  h e i g h t  
a n a l y z e r s  f o r  on- l ine  (cont inuous)  a n a l y s i s  of xenon-133, 
xenon-135, and krypton-85m. The o u t p u t s  of t h e  t h r e e  ana lyze r s  
are d i sp layed  i n  count rate form on a p p r o p r i a t e  s t r i p  c h a r t  
r e c o r d e r s  i n  t h e  r e a c t o r  c o n t r o l  room. 

(3) Germanium l i t h i u m  argon scanning system (GLASS) - The GLASS 
c o n s i s t s  of  a l i t h i u m  d r i f t e d  germanium d e t e c t o r  and a p u l s e  
h e i g h t  ana lyze r .  Because of t h e  much h i g h e r  r e s o l u t i o n  
a f f o r d e d  by this  d e t e c t o r ,  minute amounts of rare gas 
f i s s i o n  products ,  o t h e r  than  xenon-133 and xenon-135, may 
be observed.  Cover gas samples  are colJected and r o u t i n e l y  
analyzed i n  l a b o r a t o r i e s  f o r  xenon-133, xenon-135, and 
a l s o  f o r  argon-41. 

I n  1974 t h e  c o n c e n t r a t i o n  of r a d i o a c t i v e  a i r b o r n e  w a s t e  d i scharged  
from t h e  EBR-I1 p l a n t  i n  3.4 x lo9  f t 3  of a i r  w a s  0.06 C i  of argon-41, 
0.005 C i  of krypton-85, 367 C i  of xenon-133, 1 4 7  C i  of xenon-135, 0.07 
C i  of bromine-82, and 0.7 C i  of t r i t i u m .  



A s  p r e v i o u s l y  s t a t e d ,  t h e  component c leanup f a c i l i t y  i s  p a r t  of 
t h e  E B R - I 1  complex. The f a c i l i t y  i s  u t i l i z e d  t o  c l e a n  sodium contaminated 
equipment and components. These are removed from t h e  r e a c t o r  b u i l d i n g  
and h e l d  a t  a s t a g i n g  area t o  permi t  r a d i o a c t i v e  decay of t h e  s h o r t -  
l i v e d  n u c l i d e s  such as sodium-24 (15 hour  h a l f - l i f e )  and t o  permi t  
o x i d a t i o n  o f  r e s i d u a l  sodium. The gaseous e f f l u e n t s  from t h e  r e a c t i o n  
of sodium and water a l c o h o l  d u r i n g  t h e  c leanup o p e r a t i o n  are d ischarged  
d i r e c t l y  t o  t h e  atmosphere.  No measurements of t h e  t o t a l  r e l e a s e  from 
t h e  pad area have  been a t tempted .  C a l c u l a t i o n s  us ing  worst-case parameters  
i n d i c a t e  t h a t  t h e  major c o n s t i t u e n t s  r e l e a s e d  would be 243 U C i  of cesium-137, 
770 p C i  o f  sodium-24, and 880 U C i  of t r i t i u m  dur ing  each r e a c t i o n  event .  
Reac t ions  on t h e  pad average  two p e r  month. A i r  samples taken  du r ing  t h i s  
r e a c t i o n  have n o t  d e t e c t e d  any a c t i v i t y  above background. 

A l l  a i r b o r n e  e f f l u e n t  from t h e  f u e l  assembly and s t o r a g e  b u i l d i n g ,  
exc lud ing  s a n i t a r y  v e n t s ,  is t r e a t e d  as r a d i o a c t i v e .  A l l  a i r  i s  ex- 
haus t ed  through t h r e e  p a r a l l e l  banks of  HEPA f i l t e r s  c o n s i s t i n g  of s i x  
f i l t e r s  p e r  bank.  The p a r t i c u l a t e  con ten t  of t h e  a i r f l o w  downstream 
o f  t h e  HEPA f i l t e r  sys tem i s  sampled cont inuous ly  us ing  a fo rced  f low,  
f i x e d  f i l t e r  sampling dev ice .  The f i l t e r  e lement  is rep laced  and analyzed 
f o r  r a d i o a c t i v i t y  each month. 

During 1974, r a d i o a c t i v e  a i r b o r n e  waste streams con ta ined  no be ta-  
gamma o r  a l p h a  p a r t i c u l a t e  r a d i o a c t i v i t y  above t h e  d e t e c t a b l e  concen t r a t ion  
of  1 x 10-14 p ~ i / c m 3 .  

TREAT 

During r e a c t o r  o p e r a t i o n ,  a i r b o r n e  gaseous e f f l u e n t  
i s  t r e a t e d  as r a d i o a c t i v e .  A s  a des ign  sa fegua rds  f e a t u r e ,  a l l  gaseous 
e f f l u e n t  from t h e  r e a c t o r  i s  exhaus ted  through a bank of  s i x  p a r a l l e l  
HEPA f i l t e r s  by means of two p a r a l l e l  turbocompressors .  The a i r b o r n e  
e f f l u e n t  d i s c h a r g e s  i n t o  a 60-ft-high exhaus t  s t a c k .  Ai r f low downstream 
of  t h e  HEPA f i l t e r  system is  monitored con t inuous ly  f o r  r a d i a t i o n  level  
b e f o r e  t h e  a i r  is  d i scha rged  o u t  t h e  exhaus t  stack. I n  a d d i t i o n ,  p e r i o d i c  
c o l d  t r a p  sampling i s  performed t o  determine r a d i o n u c l i d e  c o n s t i t u e n t s  
and concen- t r a t ions .  An i n t e r l o c k  is  provided  on two of t h e  t h r e e  roof 
ven t  f a n s  t o  p reven t  d i s c h a r g i n g  of  gases  through t h e  roof  v e n t  system 
(used  when the r e a c t o r  i s  n o t  o p e r a t i n g )  d u r i n g  r e a c t o r  o p e r a t i n g  p e r i o d s .  

The r a d i o a c t i v e  waste stream i s  comprised of  t h e  nob le  gas  rad io-  
i s o t o p e s  of  a rgon ,  k ryp ton ,  and xenon. During 1974, t h e  fo l lowing  
q u a n t i t i e s  of  r a d i o n u c l i d e s  were d ischarged  t o  t h e  atmosphere from t h e  
TREAT f a c i l i t y :  

Radionucl ide  Cur i e s  

argon- 4 1 148.2 

krypton- 85 0.14 

kryp t on-87 0 .63  

krypton- 88 0.37 
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Radionucl ide  

xenon-133 

xenon- 135 

C u r i e s  

0.16 

0.07 

Z PPR 

The h e a t i n g ,  v e n t i l a t i n g ,  a i r  c o n d i t i o n i n g ,  and exhaus t  
systems are des igned  s o  that  a i r f l o w  is  from c l e a n  areas inward toward 
p o t e n t i a l l y  r a d i o a c t i v e l y  contaminated areas. This  kind of system 
p r e v e n t s  t h e  sp read  of  r a d i o a c t i v i t y .  A l l  a i r  c o l l e c t e d  from t h e  p o t e n t i a l l y  
r a d i o a c t i v e  areas is channeled through hoods i n t o  an exhaus t  system, 
which d i s c h a r g e s  t h e  a i r  through t h r e e  banks of HEPA f i l t e r s ,  then  
o u t  a s t a c k .  No a i r  i s  d i scha rged  from t h e  r e a c t o r  room d u r i n g  r e a c t o r  
o p e r a t i o n .  

During r e a c t o r  o p e r a t i o n ,  r e a c t o r  c o o l i n g  a i r  i s  r e c i r c u l a t e d  
(not  exhaus ted  t o  atmosphere) through HEPA f i l t e r s .  The f i l t e r e d  a i r  
i s  monitored con t inuous ly  by a plutonium (a lpha )  a i r  monitor .  I n  a d d i t i o n ,  
t h e  r e a c t o r  c o o l i n g  a i r  i s  monitored f o r  beta-gamma-emitting p a r t i c u l a t e s  
by a fo rced  f low,  f i x e d  f i l t e r  cont inuous  a i r  monitor .  When t h e  r e a c t o r  
i s  n o t  i n  o p e r a t i o n ,  t h e  c o o l i n g  a i r  i s  channeled through HEPA f i l t e r s  
and i s  monitored upstream and downstream from t h e  f i l t e r s  b e f o r e  be ing  
d i scha rged  o u t  a 60-ft-high exhaus t  s t a c k .  The upstream monitor  d e t e c t s  
a lpha-  and beta-gamma-emitting p a r t i c u l a t e  matter and alarms a t  an a l p h a  
c o n c e n t r a t i o n  of  2 x 
o f  2 x 10-7 v C i / c m 3 .  
b e t a  r a d i o a c t i v i t y ;  t h e  a l p h a  monitor  alarms a t  c o n c e n t r a t i o n s  of  6 x 
10-12 p C i / c m 3  o r  g r e a t e r ,  and t h e  b e t a  monitor alarms at  c o n c e n t r a t i o n s  
of  1 x 10-10 p ~ i / c m 3  o r  g r e a t e r .  

p C i / c m 3  and at  a beta-gamma c o n c e n t r a t i o n  
The downstream monitor a l s o  d e t e c t s  a lpha  and 

An i o n  chamber f o r  gamma r a y  d e t e c t i o n  is i n s e r t e d  i n  t h e  exhaus t  
gas  stream i n  t h e  60-ft-high exhaus t  s t a c k  and is r ead  o u t  remotely 
on t h e  r e a c t o r  c o n t r o l  room pane l .  The chamber i s  set t o  alarm a t  a 
lO-mR/hr r a d i a t i o n  l e v e l .  Reaching t h e  s e t p o i n t  r a d i a t i o n  level  s h u t s  
down t h e  r e a c t o r  and i s o l a t e s  t h e  area. 

The r a d i o a c t i v e  a i r b o r n e  waste stream c o n t a i n s  s m a l l  q u a n t i t i e s  
o f  nob le  gas  f i s s i o n  products .  During 1974, 0.17 C i  of xenon-135 w a s  
d i scha rged  i n  2 . 1  x 109 f t 3  of  a i r .  
t h e  minimum d e t e c t a b l e  c o n c e n t r a t i o n  of 5 x 

No r a d i o a c t i v e  p a r t i c u l a t e s  above 
u C i / c m 3  were d i scha rged .  

HFEF-S 

V e n t i l a t i n g  a i r  l eakage  pa ths  w i t h i n  t h e  b u i l d i n g  cause  
t h e  i n t e r n a l  a i r  t o  f low from c l e a n  areas toward areas having  a s l i g h t  
p o s s i b i l i t y  o f  be ing  contaminated ,  then  t o  areas wi th  s t i l l  a g r e a t e r  
p o s s i b i l i t y  o f  contaminat ion .  Furthermore,  t h e  i n t e r n a l  b u i l d i n g  p r e s s u r e  
is main ta ined  a t  less than  a tmospher ic  p r e s s u r e  t o  p reven t  ou t l eakage .  
I n  F igu re  11-5 is shown t h e  v e n t i l a t i o n  a i r  flow f o r  t h e  HFEF-S. A f t e r  
f lowing  through t h e  b u i l d i n g ,  t h e  a i r  i s  c leaned  by pass ing  through 
36 HEPA f i l t e r s  i n s t a l l e d  i n  p a r a l l e l  i n  o r d e r  t o  hand le  t h e  b u i l d i n g  
exhaus t .  The f i l t e r e d  a i r  then  moves through an  underground welded- 
s t ee l  p i p e  and o u t  the 200-ft-high exhaus t  s t a c k .  
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There are two work areas w i t h  a i r  exhaus t  and f i l t e r i n g  systems 
s e p a r a t e  from t h e  aforementioned f a c i l i t y  system. These areas are cleanup 
f a c i l i t i e s  t h a t  have been modif ied and designed f o r  s p e c i a l  a p p l i c a t i o n s .  
One area c o n t a i n s  a plutonium glove box; t h e  area is  equipped wi th  a 
s p e c i a l l y  des igned  f i l t e r i n g  system which is a c t i v a t e d  by g love  box 
p r e s s u r e  l e v e l .  Should glove box p r e s s u r e  exceed des ign  l i m i t a t i o n s ,  
t h e  glove box a i r  and t h e  room a i r  bypass  t h e  normal v e n t i l a t i o n  pa th  
and are exhaus ted  d i r e c t l y  t o  t h e  atmosphere through t h r e e  HEPA f i l t e r s  
se t  i n  series. The o t h e r  area u t i l i z e s  i t s  own w a l l  mounted blower 
system, which exhaus t s  through HEPA f i l t e r s  and then  t o  i t s  own s t a c k .  

During 1974, 1 . 2  C i  of xenon-133 from t h e  HFEF-S w e r e  d i scharged  
i n  1.6 x 1O1O f t 3  of  a i r .  
t h e  minimum d e t e c t a b l e  w a s  d i scharged .  The minimum d e t e c t a b l e  f o r  b e t a  
is  1 x 
t h e  b e t a  t o  a l p h a  r a t i o  i n  HFEF-S is about 1,000 t o  1. The conclus ion  
i s ,  t h e r e f o r e ,  t h a t  no a l p h a  p a r t i c u l a t e  c o n c e n t r a t i o n s  g r e a t e r  than 
1 x pCi/cm3 were d ischarged .  

No p a r t i c u l a t e  r a d i o a c t i v i t y  g r e a t e r  than  

pCi/cm3. Although a lpha  p a r t i c u l a t e  is no t  p r e s e n t l y  monitored,  

HFEF-N 

The gene ra l  des ign  phi losophy of t h e  v e n t i l a t i o n  system 
f o r  a n u c l e a r  system is t o  provide  w i t h i n  each area of t h e  f a c i l i t y  
an a i r  p a t t e r n  t h a t  r e s u l t s  i n  a i r  f lowing from c l e a n  areas toward 
areas w i t h  a p o s s i b i l i t y  of  contaminat ion ,  and from t h e s e  areas toward 
t h o s e  w i t h  g r e a t e r  p o s s i b i l i t y  o f  contaminat ion.  A l l  r a d i o a c t i v e  a i r b o r n e  
e f f l u e n t s  are then  processed through 30 HEPA f i l t e r s .  The v e n t i l a t i o n  
system f o r  HFEF-N is based on t h i s  type  of phi losophy.  

The system is  provided wi th  two f a n s ,  each capable  of hand l ing  
t h e  f u l l  l o a d ,  and b o t h  are connected t o  emergency power. F igure  11-6 
shows a f low diagram of the system. 

Limited o p e r a t i o n s  a t  HFEF-N would n o t  r e s u l t  i n  t h e  release of 
noble  gases .  A i r  p a r t i c u l a t e  a c t i v i t y  dur ing  1974 w a s  less than  t h e  
minimum d e t e c t a b l e  (iO-l4 pCi/cm3). 

L&O B u i l d i n g  

The des ign  of t h e  h e a t i n g ,  v e n t i l a t i n g ,  and a i r  cond i t ion ing  
and exhaust system of t h e  L&O b u i l d i n g  ensu res  that  a i r f l o w  is  from 
c l e a n  areas inward toward t h e  p o t e n t i a l l y  contaminated areas t o  pre- 
ven t  the sp read  o f  r a d i o a c t i v i t y .  The o f f i c e  s e c t i o n  i s  maintained 
a t  a p o s i t i v e  p r e s s u r e  w i t h  r e s p e c t  t o  the rest of t h e  b u i l d i n g  and 
a l s o  provides  p a r t i a l  makeup a i r  f o r  the radiochemical  hoods i n  t h e  
l a b o r a t o r i e s .  Radioac t ive  exhaus t  is drawn through 20 HEPA f i l t e r s  
i n  p a r a l l e l  and then  d ischarged  ou t  t h e  c e n t r a l  200-ft-high s t a c k .  
A r e c e n t  a d d i t i o n  t o  t h e  L&O b u i l d i n g ,  the  sodium chemis t ry  l a b o r a t o r y ,  
exhaus t s  a i r  through an independent system of 12 HEPA f i l t e r s  i n  pa ra l l e l  
then o u t  a s h o r t  s t a c k  t o  t h e  atmosphere.  A t h i r d  l a b o r a t o r y ,  u t i l i z e d  
f o r  hand l ing  s p e c i a l  sodium samples ,  exhaus ts  d i r e c t l y  t o  t h e  atmosphere 
through fou r  HEPA f i l t e r s  i n  p a r a l l e l .  A f o u r t h  l a b o r a t o r y  c o n t a i n s  
one hood w i t h  a HEPA f i l t e r .  
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During 1974, t h e  r a d i o a c t i v e  a i r b o r n e  waste stream f o r  t h e  L&O 
b u i l d i n g  d i scha rged  0 .1  C i  o f  iodine-131 i n  9 . 2  x lo9 f t 3  o f  a i r .  

Main Stack 

A s  p r e v i o u s l y  no ted ,  t h e  major p o i n t  of  r a d i o a c t i v e  
a i r b o r n e  d i s c h a r g e  t o  t h e  atmosphere is the  200-ft-high stack, c e n t r a l l y  
l o c a t e d  i n  t h e  ANL-W area. The s t a c k  is c o n s t r u c t e d  of g l a s s  coa ted  
carbon steel s e c t i o n s  gaske ted  and b o l t e d  t o g e t h e r .  This  s t a c k  r e c e i v e s  
a i r b o r n e  e f f l u e n t  which f i r s t  h a s  been channeled through HEPA f i l t e r s  
i n  t h e  EBR-I1 b u i l d i n g ,  HFEF-S, and L&O b u i l d i n g .  A due l  blower system 
d i s c h a r g e s  t h e  e f f l u e n t  through t h e  s t a c k ;  each blower h a s  t h e  c a p a b i l i t y  
t o  hand le  the t o t a l  f low requirement .  
a t  t h e  s t a c k  b a s e  c o n t a i n s  cont inuous  moni tor ing  equipment. This  
equipment c o n s i s t s  of  a commercially a v a i l a b l e  system of s c i n t i l l a t i o n  
d e t e c t o r s  des igned  t o  monitor  f o r  t o t a l  r a d i o a c t i v e  p a r t i c u l a t e  material 
and t o t a l  r a d i o a c t i v e  gaseous c o n c e n t r a t i o n ,  and t o  monitor  s e l e c t i v e l y  
f o r  c o n c e n t r a t i o n s  of cesium-137, xenon-133, and iodine-131. The a i r  
c o n d i t i o n i n g  system indigenous t o  t h e  s t a c k  b u i l d i n g  is t o  a s s u r e  
t h e  s t a b i l i t y  and o p e r a t i n g  range o f  t h e  in s t rumen ta t ion .  

An a i r  cond i t ioned  b u i l d i n g  

Tab le  11-1 p r e s e n t s  an annual  summary of r a d i o a c t i v e  a i r b o r n e  d i s -  
cha rges  a t  ANL-W. The h i g h  releases from 1965 through 1968 r e s u l t e d  
from t h e  f u e l  c y c l e  f a c i l i t y  which processed  EBR-11 f u e l .  T h i s  f a c i l i t y  
began o p e r a t i o n s  i n  1965 and w a s  d i scon t inued  i n  1969. During t h e  4 y r  
p e r i o d  approximately 7,500 C i  o f  Kr-85 were r e l e a s e d .  The m a j o r i t y  
of  t h e  remaining a c t i v i t y  w a s  Xe-133. The d i f f e r e n c e s  i n  t h e  y e a r s  
can be a t t r i b u t e d  t o  t h e  adequacy o f  t h e  holdup system des igned  t o  
reduce t h e  s h o r t - l i v e d  (Xe-135, Xe-133) emiss ions  by decay. 

Table  11-2 shows a n u c l i d e  summary of a i r b o r n e  r e l e a s e s  from ANL-W 
f o r  1974. Th i s  t a b l e  i s  t h e  t o t a l  ANL-West s i t e  releases and i n c l u d e s  
TREAT, HFEF/S, and EBR-11. 

la1 b .  Systems f o r  Venting Nonradioac t ive  Airborne Wastes 

Nonradioac t ive  a i r b o r n e  e f f l u e n t  from t h e  EBR-I1 complex 
c o n s i s t s  o f  b o i l e r  combustion f l u e  gas  (combustion p roduc t s  of  pe t ro leum 
f u e l ) ,  s a n i t a r y  waste system v e n t i n g  gases ,  c o o l i n g  tower and windage 
l o s s e s  t o  t h e  atmosphere,  and v e n t i l a t i n g  system d i s c h a r g e s  from nonradio- 
a c t i v e  a d m i n i s t r a t i v e  areas. 

Four a u x i l i a r y  b o i l e r s  w i t h i n  the  EBR-I1 complex f u r n i s h  a c e n t r a l  
h e a t i n g  f a c i l i t y  f o r  t h e  ANL-W area, exc lud ing  TREAT which h a s  i t s  
own b o i l e r  system. The combustion gas  e f f l u e n t  is d i scha rged  through 
s t a c k s  a t  an  e l e v a t i o n  of 80 f t  above ground level.  T h e  combustion 
gases  are monitored p e r i o d i c a l l y  f o r  s u l f u r  d iox ide  and carbon monoxide 
c o n t e n t  t o  a s s u r e  compliance w i t h  a i r  q u a l i t y  s t a n d a r d s .  In 1972,  
f u e l  o i l  t y p e  w a s  changed from No. 5 t o  No. 2 t o  reduce s u l f u r  e f f l u e n t .  
Smoke d e t e c t o r s  are u t i l i z e d  i n  t h e  s t a c k  t o  monitor  combustion e f f i c i e n c y .  

[ a ]  S e e  Appendix E ,  S e c t i o n  3 . A .  f o r  system improvements completed i n  
1975-76. 
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TABLE 11-1 

SUMMARY OF ANNUAL RADIOACTIVE AIRBORNE DISCHARGES AT ANL-WEST 

Year volume ( f t 3 )  R a d i o a c t i v i t y  ( C i )  

1960 Cal 176.5 

1961 [a1 106.0 

- 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

19 72 

1973 

19 74 

9 . 0  105 

8.0 x 105 

7.3 x 106 

7.5 109 

3.1 x 1010 

2 .9  x 1010 

3.2 x 1010 

2.7 109 

7.9 x 1010 

4 . 3  x 1010 

1 . 3  x 1010 

6.0 x 101o 

6 . 4  x 1O1O 

186.5 

207.0 

124.0 

18,822.0 

4,246.0 

2,757.0 

837.0 

130.0 

84.0 

74.0 

127.0 

803.1 

666 

[a] No volumes were recorded  p r i o r  t o  November 1961. 

I n  1974, a volume of 770,330 g a l l o n s  of No. 2 f u e l  o i l  w a s  burned.  This 
r e s u l t e d  i n  36,755 lb of  s u l f u r  d iox ide  ( c a l c u l a t e d )  and 3,460 l b  of 
p a r t i c u l a t e s  ( c a l c u l a t e d )  r e l e a s e d  du r ing  the '  yea r .  

The a i r b o r n e  e f f l u e n t s  from t h e  c o o l i n g  tower d i s c h a r g e s  are windage 
l o s s e s  and water vapor r e s u l t i n g  from thermal  exchange i n  d i s s i p a t i n g  
t h e  h e a t  from the powerplant steam system. A l l  a i r b o r n e  was te  from 
t h e  c o o l i n g  tower i s  nonrad ioac t ive .  The n o n r a d i o a c t i v e  a i r b o r n e  stream 
c o n t a i n s  t h e  t r ea tmen t  chemica ls  which are l o s t  by d r i f t  (blown by 
wind) from the c o o l i n g  tower.  

During 1974, t h e  fo l lowing  q u a n t i t i e s  were l o s t  t o  t h e  atmosphere 
i n  3.4 x lo5  g a l l o n s  of  d r i f t :  
Worst-case c a l c u l a t i o n s  i n d i c a t e  t h a t  r e s u l t a n t  a i r  c o n c e n t r a t i o n  f o r  
hexavalen t  chromium i n  t h e  a i r  sur rounding  t h e  c o o l i n g  tower i s  0.04 
rng/m3 which is less than t h e  TLV of 0 .1  mg/m3. 

z i n c  - 4 l b ;  hexavalen t  chromium - 1 7  l b .  
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TABLE 11-2 

ANL-WEST AIRBORNE NUCLIDE RELEASE SUMMARY FOR 1974 

Nucl ide  

Argon- 4 1 
Bromine- 82 

Iodine-131 

Kryp ton-85 

Krypton-87 

Xrypton-88 

T r i t i u m  

Xenon-133 

Xenon-135 

T o t a l  

Cur i e s  

148 

<1 
<1 

<1 
<1 

<1 

<1 

36 8 

147 

666 

- 

TREAT 

Nonradioac t ive  a i r b o r n e  e f f l u e n t  is produced from one 
steam h e a t i n g  b o i l e r  and one o i l - f i r e  fu rnace  u t i l i z i n g  N o .  2 f u e l  o i l ,  
and from s a n i t a r y  system v e n t s .  The s u l f u r  release w a s  i nc luded  i n  
t h e  EBR-I1 s e c t i o n .  The s a n i t a r y  w a s t e  v e n t s  d i s c h a r g e  d i r e c t l y  t o  
t h e  atmosphere.  

ZPPR - 
The o n l y  nonrad ioac t ive  a i r b o r n e  e f f l u e n t  o r i g i n a t i n g  

from t h e  ZPPR is from s a n i t a r y  system v e n t s  which d i s c h a r g e  d i r e c t l y  
t o  t h e  atmosphere.  

HFEF-S, HFEF-N, L&O, and Support  Complex 

The major s o u r c e  of nonrad ioac t ive  a i r b o r n e  e f f l u e n t  
from t h e s e  f a c i l i t i e s  i s  t h e  ven t ing  o f  t h e  s a n i t a r y  system which d i s c h a r g e s  
d i r e c t l y  t o  t h e  atmosphere through h igh  p o i n t  v e n t s .  I n  a d d i t i o n ,  
v e n t i l a t i n g  a i r  from nonrad ioac t ive  areas is d ischarged  d i r e c t l y  t o  
t h e  atmosphere.  A l so ,  t h e  c a f e t e r i a  cooking hoods d i s c h a r g e  d i r e c t l y  
t o  t h e  atmosphere.  

Table  11-3 p r e s e n t s  an annual  summary of the n o n r a d i o a c t i v e  air- 
borne d i s c h a r g e s  from AML-W. 
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TABLE 11-3 

SUMMARY OF ANNUAL NONRADIOACTIVE AIRBORNE DISCHARGES AT ANL-W 

Year - 
1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

F u e l  O i l  
Used ( s a l )  

698,600 

636 , 600 

553,600 

565,700 

677,000 

666,100 

744,700 

726,837 

767,906 

957,748Ca1 

961,101 

770,330 

S u l f u r  Dioxide 
Discharged ( l b )  

145,911 

132,925 

115,602 

118 , 100 

141,356 

139,078 

155,482 

166,445 

175,550 

146,  978La1 

45,857 

36,755 

Cooling 
Tower D r i f t  
&a1 x 106) 

0.24 

1 .7  

2.4 

1.2 

2.0 

2.0 

3.0 

2.4 

3.6 

0.64 

0.34 

Chromium +6 

Discharged (lb) 

11 

7 7  

10 8 

54 

90 

90 

13 5 

108 

81. 

29 

17  

[a] S u l f u r  con ten t  w a s  1.53% u n t i l  September 1972; s i n c e  t h a t  time, 
t h e  s u l f u r  c o n t e n t  w a s  0.35%. 

c. Systems f o r  Di sposa l  o f  Rad ioac t ive  Liquid  Waste [a1  

EBR- I I 

No r a d i o a c t i v e  l i q u i d  waste is produced by t h e  EBR-I1 
o p e r a t i o n s  o r  w i t h i n  the containment  b u i l d i n g  excep t  f o r  c o n t r o l l e d  
ga l lon-ba tch  q u a n t i t i e s  o f  wa te r / a l coho l  used f o r  component decontaminat ion 
purposes .  T h i s  l i q u i d  is under a d m i n i s t r a t i v e  c o n t r o l  ( i . e . ,  weighed 
and logged i n ,  weighed and logged o u t ,  and t o t a l l y  accounted f o r ) .  
This l i q u i d  i s  d isposed  of  as s o l i d  r a d i o a c t i v e  waste. The re fo re ,  no 
l i q u i d  waste sys tems have been  i n s t a l l e d  i n  the containment  b u i l d i n g .  
N o  r a d i o a c t i v e  l i q u i d  w a s t e  w a s  produced a t  t h e  r e a c t o r  p l a n t  and energy 
d i s s i p a t i o n  system i n  1974[251. 

[ a ]  S e e  Appendix E ,  S e c t i o n  3.A. f o r  system improvements completed i n  
19 75-76. 
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Radioac t ive  l i q u i d  i s  produced by t h e  r e a c t i o n  of  w a t e r / a l c o h o l  
w i th  r a d i o a c t i v e  sodium which adheres  t o  r e a c t o r  components t h a t  have 
been i n  c o n t a c t  w i th  t h e  sodium systems and t o  pr imary c o o l a n t  system 
components. F igu re  I I -7 . shows t h e  flow diagram of t h e  l i q u i d  c o l l e c t i o n  
and r e t e n t i o n  system. Design f e a t u r e s  of t h e  system inc lude :  an impervious 
s teel  s u r f a c e  o f  t'he pad t o  prevent  t h e  b u i l d u p  of r a d i o a c t i v e  materials 
by a b s o r p t i o n ,  a 3- t o  4-in. l i p  on t h r e e  s i d e s  of t h e  pad t o  prevent  
f low of  t h e  l i q u i d s  t o  t h e  sur rounding  s o i l ,  and a s l o p i n g  s u r f a c e  f eed ing  
i n t o  a 2,500-gal lon underground t ank  f o r  t h e  r e t e n t i o n  of any l i q u i d .  
The 4-in. l i p  around t h e  pad would con ta in  about  1 ,500 g a l l o n s  i f  t h e  
tank  over f lows  and backs  up onto  t h e  pad. A l l  l i q u i d s  produced i n  
t h i s  area, i n c l u d i n g  n a t u r a l  r u n o f f ,  are c o l l e c t e d  i n  a t ank  and t r e a t e d  
a s  r a d i o a c t i v e .  The i n t e r n a l  s u r f a c e  of t h e  tank  has  been coa ted  w i t h  
a pr imer  t h a t  p reven t s  c o r r o s i o n  and t h e  a s s o c i a t e d  d r a i n  p i p i n g  h a s  
been h y d r o s t a t i c a l l y  t e s t e d  a t  50 p s i g .  The con ten t  of  t h e  tank  i s  
measured p e r i o d i c a l l y  by d i p s t i c k .  When t h e  tank level reaches  2,000 
g a l l o n s ,  i t  i s  emptied by pumping i n t o  a p o r t a b l e  2,300 g a l l o n  t r a n s f e r  
t ank  f o r  l a t e r  t r a n s f e r  t o  t h e  l i q u i d  waste p rocess ing  system. The 
c o n t e n t s  of  t h e  tank  are monitored f o r  r a d i o a c t i v i t y  levels p r i o r  t o  
pumping t o  a p o r t a b l e  t ank  f o r  t r a n s f e r  and p rocess ing  a t  t h e  L&O b u i l d i n g .  
The r a d i o a c t i v e  waste stream c o n s i s t s  p r i m a r i l y  of mixed a c t i v a t i o n  
p roduc t s  and mixed f i s s i o n  p roduc t s .  During 1974, t h i s  f a c i l i t y  produced 
2 . 4  m C i  of r a d i o a c t i v i t y  con ta ined  i n  6,200 g a l l o n s  of water. 

The on ly  o t h e r  sou rce  of  r a d i o a c t i v e  l i q u i d s  i s  from a pe r sonne l  
decontaminat ion  system. Liquid  w a s t e  from t h e  pe r sonne l  decontaminat ion  
l a v a t o r y ,  shower, and l o c k e r  room f l o o r  d r a i n  are gravi ty- fed  t o  a re- 
ceiver  a t  t h e  f o o t  of a p i p e  t r ench .  A f l o a t  c o n t r o l l e d  pump t r a n s f e r s  
t h e s e  wastes t o  t h e  basement of  t h e  HFEF-S b u i l d i n g ,  where they  are 
combined w i t h  t h e  r a d i o a c t i v e  l i q u i d  wastes from t h e  HFEF. From t h e  
HFEF, t h e  combined l i q u i d  wastes are t r a n s f e r r e d  t o  a c o l l e c t i o n / r e t e n t i o n  
tank  a t  t h e  L&O b u i l d i n g ,  where moni tor ing  and p r o c e s s i n g  occur s .  

To d a t e  t h i s  system h a s  n o t  been used. 

TREAT 

Rad ioac t ive  l i q u i d  waste from TREAT f a c i l i t y  a c t i v i t i e s  
may b e  produced from pe r sonne l  decontaminat ion  and equipment decontaminat ion.  
The r a d i o a c t i v e  l i q u i d  waste d i s p o s a l  system is comprised of  a washbasin,  
shower, and j a n i t o r ' s  s i n k  and t h e  necessa ry  p i p i n g  and plumbing connec t ing  
t o  a sump. The washbasin,  shower, and j a n i t o r ' s  s i n k  are i s o l a t e d  
from t h e  s a n i t a r y  waste d i s p o s a l  system, thus  e l i m i n a t i n g  any p o s s i b i l i t y  
of contaminat ion  of  t h e  s a n i t a r y  waste system. E f f l u e n t  e n t e r i n g  t h i s  
i s o l a t e d  l i q u i d  sys tem i s  p iped  t o  a common l i n e  l e a d i n g  t o  a sump, 
from which t h e  waste e f f l u e n t  is  then  pumped t o  a r e t e n t i o n  tank .  The 
sys tem is  shown schemat i ca l ly  i n  F igure  11-8. The sump is equipped 
wi th  a HEPA f i l t e r e d  a i r  vent  and a pump wi th  au tomat ic  f l o a t  a c t u a t i o n .  
The sump d i scha rge  p i p i n g  runs  above ground i n  t h e  r e a c t o r  b u i l d i n g  
t o  a 1,000-gal lon carbon s t ee l  r e t e n t i o n  tank .  
w i th  a l e v e l  i n d i c a t o r  which a c t i v a t e s  v i s u a l  and a u d i b l e  alarms when 
a prede termined  l e v e l  i s  reached.  

The tank  is equipped 

11-24 



4 = l  

n 
I w 

CL 

I 

a 
(d 

p? 

ai 
ri 
V 
u 
C 
PI 

a 
V 

11-25 



11-26 



The r e t e n t i o n  t ank  a l s o  is provided wi th  an  a i r  vent  t o  a HEPA 
f i l t e r .  It h a s  a va lved  d i s c h a r g e  l i n e  t o  a pump, a 6-in.-diameter 
f l anged  p o r t  f o r  i n s p e c t i o n  purposes ,  a level  i n d i c a t o r ,  and a sampling 
valve. The r e t e n t i o n  t ank  d i s c h a r g e  l i n e  is connected t o  a 1,000- 
g a l l o n  c a p a c i t y  s e p t i c  t ank  t o  which l i q u i d  d i scha rge  from t h e  r e t e n t i o n  
tank  may b e  a u t h o r i z e d  a f t e r  t h e  l i q u i d s  are determined t o  be nonrad ioac t ive  
( l e s s  t han  ERDAM-0524 Table  I1 v a l u e s ) .  The s e p t i c  tank  d i scha rge  
l i n e  i s  connected t o  a seepage f i e l d .  The r e t e n t i o n  t ank  e f f l u e n t  
a l s o  may b e  d i scha rged  t o  a p o r t a b l e  t r u c k  mounted tank  f o r  t r a n s p o r t i n g  
of  r a d i o a c t i v e  l i q u i d  wastes t o  t h e  L&O b u i l d i n g  evapora to r .  

L iqu id  wastes produced a t  t h e  TREAT complex through 1974 conta ined  
0 .4  p C i  o f  r a d i o a c t i v i t y .  

Z PPR 

The r a d i o a c t i v e  l i q u i d  waste system is shown i n  F igure  11-9. 
A changeroom i s  provided  f o r  pe r sonne l  decontaminat ion.  This  room 
c o n t a i n s  a shower and l a v a t o r y  d r a i n i n g  by g r a v i t y  i n t o  two epoxy 
l i n e d  carbon s teel  r e t e n t i o n  t anks ,  each hav ing  a 500-gallon c a p a c i t y ,  
l o c a t e d  i n  t h e  basement o f  t h e  suppor t  wing. The t a n k s  are equipped 
wi th  two t r a n s f e r  pumps and t h e  necessa ry  i n t e r c o n n e c t i n g  p i p i n g  and 
va lves  t o  provide ,  i f  t h e  e f f l u e n t  is no t  r a d i o a c t i v e ,  a d i scha rge  p o i n t  
t o  e i t h e r  a t r u c k  f i l l  s t a t i o n  o r  d i r e c t l y  t o  t h e  i n d u s t r i a l  w a s t e  
system. I f  t h e  e f f l u e n t  i s  r a d i o a c t i v e ,  t h e  p o r t a b l e  t ank  is  used t o  
t r a n s p o r t  t h e  e f f l u e n t  t o  t h e  evapora to r  s t a t i o n  a t  t h e  L&O b u i l d i n g .  
There is a w a t e r t i g h t  c o n c r e t e  curb  around t h e  r e t e n t i o n  t a n k s  t o  ensu re  
r e t e n t i o n  of  up t o  125% of  t h e  t o t a l  c a p a c i t y  of t h e  r e t e n t i o n  t anks  
i n  t h e  even t  t h e  l i q u i d  is  i n a d v e r t e n t l y  r e l e a s e d  from t h e  tanks .  The 
c o n t e n t s  o f  t h e s e  t anks  are monitored f o r  r a d i o a c t i v e  c o n c e n t r a t i o n s  
t o  de termine  t h e  mode o f  d i s p o s a l .  Each tank  is  equipped w i t h  redundant 
l eve l  i n d i c a t o r s  which alarm l o c a l l y  and remotely when t h e  t ank  c o n t e n t s  
r each  approximate ly  480 g a l l o n s .  T h i s  alarm aler ts  personnel  t o  t r a n s f e r  
t h e  l i q u i d  t o  t h e  s t andby  t ank ,  t o  de te rmine  d i s p o s i t i o n  of t h e  r a d i o a c t i v e  
waste, and t o  execu te  t h e  r e q u i r e d  d i s p o s a l  p rocess .  

No r a d i o a c t i v e  l i q u i d  waste w a s  produced i n  ZPPR o p e r a t i o n s  through 
19 74. 

HFEF- S 

Rad ioac t ive  l i q u i d  waste is produced i n  s e v e r a l  areas. 
A schemat ic  d i a  ram of  t h e  d i s p o s a l  system f o r  t h i s  w a s t e  is shown 
i n  F igu re  II-lOf261. Decontamination l i q u i d s  are c o l l e c t e d  i n  e i ther  
a 300-gallon o r  a 30-gal lon holdup tank .  Both t anks  are f a b r i c a t e d  
from b o r a t e d  g l a s s  l i n e d  carbon steel and have appa ra tus  f o r  sampling. 
L iqu ids  from t h e s e  t anks  are t r a n s f e r r e d ,  a long  w i t h  o t h e r  misce l laneous  
streams, t o  a 1,500-gal lon g l a s s  l i n e d  s t a i n l e s s  steel r e t e n t i o n  tank .  
The r e t e n t i o n  t ank  is equipped wi th  a remote l i q u i d  l e v e l  i n d i c a t o r  
and alarm and i s  l o c a t e d  i n  a curbed area des igned  t o  c o n t a i n  t h e  l i q u i d  
i n  t h e  even t  o f  a t ank  f a i l u r e .  Tank c o n t e n t s  are monitored f o r  t o t a l  
a l p h a  p r i o r  t o  pumping t o  t h e  L&O b u i l d i n g  evapora to r .  
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Liquid  from personnel  decontaminat ion showers is c o l l e c t e d  i n  a 
50-gallon s t a i n l e s s  s teel  holdup tank  and then  t r a n s f e r r e d  t o  t h e  L60 
b u i l d i n g .  

Liquid  from a t r u c k  decontaminat ion pad is c o l l e c t e d  i n  an underground 
3,000-gallon carbon s teel  t ank  equipped w i t h  a h igh- leve l  i n d i c a t o r  
and alarm and then  t r a n s f e r r e d  t o  t h e  L&O b u i l d i n g .  

The i n t e g r i t y  of  t h e  system is  ensured  by t h e  use  of s t a i n l e s s  
steel  p i p e  w i t h  welded j o i n t s  and t h e  g l a s s  l i n e d  tank  i n t e r i o r s .  The 
p i p i n g  and t anks  p e r i o d i c a l l y  are h y d r o s t a t i c a l l y  t e s t e d  t o  p r e s s u r e s  
c o n s i s t e n t  w i th  o p e r a t i n g  l e v e l s .  A l l  t anks  are provided wi th  i n s p e c t i o n  
p o r t s  and are p e r i o d i c a l l y  in spec ted  and cleaned.  The underground r a d i o a c t i v e  
d i scha rge  l i n e  t o  t h e  L&O b u i l d i n g  is a l s o  p e r i o d i c a l l y  h y d r o s t a t i c a l l y  
t e s t e d  t o  ensu re  t h a t  the i n t e g r i t y  of t h e  l i n e  remains e f f e c t i v e .  
Aside from a l p h a  moni tor ing ,  i d e n t i f i c a t i o n  of c o n s t i t u e n t s  i n  t h e  
l i q u i d  streams occur s  only  a f t e r  mixing with l i q u i d  w a s t e  from o t h e r  
sou rces  a t  the L&O c o l l e c t i o n / r e t e n t i o n  t anks .  

During 1974, 14,910 g a l l o n s  of r a d i o a c t i v e  l i q u i d  w e r e  pumped 
from t h e  HFEF-S t o  t h e  L&O b u i l d i n g  c o l l e c t i o n  system f o r  p rocess ing .  

HFEF-N 

P o t e n t i a l l y  r a d i o a c t i v e  l i q u i d s  from t h e  l a b o r a t o r i e s ,  
changerooms , r e p a i r  area, j a n i t o r  s i n k s ,  emergency shower, and eyewash 
s t a t i o n  d r a i n  i n t o  a 1,500-gal lon carbon steel  epoxy l i n e d  r e t e n t i o n  
tank .  This  system normally w i l l  no t  be r a d i o a c t i v e ,  b u t  n e v e r t h e l e s s  
i s  sampled t o  determine the s t a t u s .  The i n s t a l l a t i o n  and o p e r a t i n g  
procedures  f o r  t h e  l i q u i d  waste d i s p o s a l  system are based on t h e  p o t e n t i a l  
f o r  de te rmining  any r a d i o a c t i v e  d i scha rge  from t h e  above-stated areas. 
Other  p o t e n t i a l l y  r a d i o a c t i v e  streams are c o l l e c t e d  i n  a 1,500-gal lon 
s t a i n l e s s  steel decontaminat ion d r a i n  holdup tank.  Both t h e  r e t e n t i o n  
tank  and t h e  holdup tank  are served  by a common t r a n s f e r  pump and p i p i n g  
system. E f f l u e n t  can be  d ischarged  e i t h e r  t o  a t r u c k  load ing  s t a t i o n  
v i a  t h e  e x i s t i n g  r a d i o a c t i v e  waste l i n e  through HFEF-S (p rev ious ly  
d i scussed )  o r  i n t o  a ' c a r b o n  s teel  i n d u s t r i a l  w a s t e  p ipe  through HFEF-S, 
depending upon whether t h e  e f f l u e n t  is  determined t o  be r a d i o a c t i v e  
o r  nonrad ioac t ive ,  r e s p e c t i v e l y .  The decontaminat ion d r a i n  ho ldup  
tank is  provided w i t h  a valved overf low i n t o  t h e  r e t e n t i o n  tank .  

Welded s t a i n l e s s  steel  p i p i n g  and epoxy l i n e d  and s t a i n l e s s  s t ee l  
tank  i n t e r i o r s  provide  t h e  h i g h  i n t e g r i t y  r equ i r ed  f o r  t h i s  system. 
Materials s e l e c t e d  f o r  t h e  l i q u i d  e f f l u e n t  systems were based on longev i ty  
c r i t e r i a .  The r a d i o a c t i v e  l i q u i d  l i n e s  t h a t  are no t  i n s p e c t a b l e  are 
p e r i o d i c a l l y  h y d r o s t a t i c a l l y  t e s t e d  t o  p r e s s u r e  l e v e l s  c o n s i s t e n t  w i th  
o p e r a t i o n a l  c o n d i t i o n s .  Both tanks  are sampled f o r  r a d i o a c t i v i t y  t o  
determine t h e  mode of  d i s p o s i t i o n .  The r e t e n t i o n  tank  and t h e  decontamina- 
t i o n  d r a i n  holdup t ank  are equipped wi th  l o c a l  l i q u i d  l e v e l  i n d i c a t o r s  
and h igh - l eve l  alarms, which sound ou t  and alert  t h e  o p e r a t i o n s  o f f i c e  
s t a f f .  The t anks  vent  t o  t h e  b u i l d i n g  r a d i o a c t i v e  exhaust  system. 
Any overf low from t h e  r e t e n t i o n  tank  is d i r e c t e d  t o  a r eces sed  sump, 
where a pump w i l l  r e t u r n  t h e  flow t o  t h e  r e t e n t i o n  tank .  
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The r a d i o a c t i v e  l i q u i d  waste d i s p o s a l  system is i s o l a t e d  from 
t h e  l i q u i d  i n d u s t r i a l  waste d i s p o s a l  system by v a l v i n g  arrangements .  
Also t h e s e  sys tems are p h y s i c a l l y  i s o l a t e d  from t h e  s a n i t a r y  l i q u i d  
waste d i s p o s a l  system. There are no connec t ions  between t h e  s a n i t a r y  
waste sys tem and t h e  o t h e r  two systems.  

L iqu id  wastes produced a t  HFEF-N dur ing  1974 conta ined  46 pCi  
o f  r a d i o a c t i v i t y  i n  10,527 g a l l o n s .  

Labora tory  and Off ice  (L&O) Bu i ld ing  

The L&O b u i l d i n g  r a d i o a c t i v e  l i q u i d  w a s t e  system c o n s i s t s  
of  a series o f  s e p a r a t e  t r a n s f e r  l i n e s .  These l i n e s  c o l l e c t  r a d i o a c t i v e  
l i q u i d s ,  o r  l i q u i d s  suspec ted  o f  be ing  r a d i o a c t i v e  from t h e i r  p o i n t s  of 
o r i g i n  and t r a n s f e r  them t o  a c e n t r a l  s t a t i o n  f o r  p rocess ing .  A l l  l i n e s  
are c o n s t r u c t e d  o f  s t a i n l e s s  s t ee l ,  carbon s tee l ,  o r  po lyv iny l  c h l o r i d e  
p l a s t i c [ 2 7 ] .  

Because o f  p r o c e s s i n g  requi rements ,  t h e  e f f l u e n t s  are seg rega ted  
i n t o  a c i d  and nonacid sys tems.  Late i n  1973 a m o d i f i c a t i o n  w a s  made 
so  t h a t  t h e  a c i d  system e f f l u e n t  is  c o l l e c t e d  i n  a f i b e r g l a s s  r e t e n t i o n  
mixing tank  w i t h  a 240-gallon c a p a c i t y  and a level  i n d i c a t o r .  The 
c o l l e c t e d  a c i d s  are n e u t r a l i z e d  w i t h  c a u s t i c  and then  evapora ted  i n  
a d i s p o s a b l e  c o n t a i n e r ,  w i t h  t h e  r e s i d u e  d isposed  of as s o l i d  waste. 
The nonacid streams are evapora ted  i n  t h e  same manner. Fumes produced 
from t h e  r a d i o a c t i v e  l i q u i d s  c o l l e c t e d  by t h e  system are prevented  
from v e n t i n g  t o  t h e  l a b o r a t o r y  a i r  by  l i q u i d  t r a p s  a t  a l l  s i n k s .  The 
t r a p s  are f l u s h e d  d a i l y  w i t h  c l e a n  w a t e r  t o  prevent  concen t r a t ed  a c i d s  
from s t a n d i n g  i n  t h e  t r a p s .  The r e t e n t i o n  mixing t ank  downstream from 
the t r a p s  i s  vented  t o  the HEPA f i l t e r  system. The t anks  and equipment 
are surrounded by a curbed r e t e n t i o n  area s o  that any s p i l l e d  l i q u i d  
w i l l  b e  f u l l y  con ta ined  i n  t h e  curbed area. Any leakage  is  removed 
by a b s o r p t i o n  materials and d isposed  of  as s o l i d  w a s t e .  The r e t e n t i o n  
area is  made impervious w i t h  a s u i t a b l e  c o a t i n g  t o  avoid a b s o r p t i o n  
of r a d i o a c t i v e  l i q u i d s  i n t o  t h e  conc re t e .  I f  p r e c i p i t a t e s  should accumulate 
i n  t h e  bot tom of  t h e  r e t e n t i o n  mixing t ank ,  compressed a i r  i s  used 
t o  d i s p e r s e  such materials so  t h a t  t hey  can be handled as l i q u i d s .  

The r a d i o a c t i v e  l i q u i d  waste e f f l u e n t  is not  monitored p r i o r  t o  
mixing wi th  e f f l u e n t  from o t h e r  f a c i l i t i e s .  

d.  Systems f o r  P rocess ing  Rad ioac t ive  Liquid  Wastes 

The r a d i o a c t i v e  l i q u i d  waste from a l l  f a c i l i t i e s  a t  ANL-W 
is  t r a n s p o r t e d  e i t h e r  through underground p i p e s  o r  by means of p o r t a b l e  
t anks  t o  r e t e n t i o n  t anks  a t  t h e  evapora to r  l o c a t e d  a t  t h e  L&O b u i l d i n g .  
The l i q u i d  is rece ived  i n  one of two 2,900-gallon carbon s teel  s e t t l i n g  
tanks .  When t h i s  tank  is fu l l . ,  t h e  waste i s  pumped through a welded 
s t a i n l e s s  s tee l  p i p i n g  and f i l t e r  system t o  one of  two 1,500-gal lon 
g l a s s  l i n e d  evapora to r  feed  t anks .  
h igh - l eve l  i n d i c a t o r s  which act ivate  l o c a l  and remote v i s u a l  and a u d i b l e  
alarms. The e f f l u e n t  i s  then  pumped from t h i s  feed  t ank  t o  t h e  evapora to r  
through s t a i n l e s s  steel welded p ipe .  

Both feed  t anks  are equipped wi th  
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The evapora to r  is a commercially a v a i l a b l e  n a t u r a l  c i r c u l a t i o n -  
t ype  sys tem composed o f  two main p a r t s :  
f l a s h  chamber. The e v a p o r a t o r  can  p rocess  a 1,500-gal lon b a t c h  a t  a 
des ign  c a p a c i t y  of  260 g a l l o n / h r  w i th  a measured decontaminat ion  f a c t o r  
o f  between 102 and l o 4 ,  depending upon t h e  c o n c e n t r a t i o n  of t h e  feed .  
A s a f e t y  f e a t u r e  o f  t h e  evapora to r  is an  i n - l i n e  r a d i o a c t i v i t y  d e t e c t o r  
f o r  moni tor ing  t h e  condensa te  o f  t h e  h e a t i n g  steam. I f  c o n c e n t r a t i o n s  
reach  a predetermined alarm p o i n t ,  an  alarm is  sounded b o t h  l o c a l l y  
and remote ly  a t  t h e  r e c e p t i o n  b u i l d i n g .  

t h e  h e a t  exchanger  and t h e  

The vapor from t h e  evapora to r  is c a r r i e d  overhead f i r s t  through 
a condenser  and then  a c o o l e r .  The vapor t h u s  is t ransformed i n  a condensate .  
The condensa te  f lows t o  an evapora to r  condensa te  t a n k ,  which i s  a l s o  
a 1 ,500-ga l lon  g l a s s  l i n e d  carbon steel tank.  The condensa te  then  
i s  processed  through ion-exchange columns and c o l l e c t e d  i n  a p l a s t i c  
l i n e d ,  1,600 g a l l o n  carbon s tee l  r e t e n t i o n  t ank .  Processed condensa te  i s  
sampled and ana lyzed  f o r  r e s i d u a l  r a d i o a c t i v i t y .  Nonradioac t ive  condensate  
is pumped t o  t h e  i n d u s t r i a l  waste pond, and r a d i o a c t i v e  condensa te  
is recyc led .  

A l l  condensa te  d i scha rged  t o  t h e  i n d u s t r i a l  waste pond is monitored 
con t inuous ly  by a n  i n - l i n e  monitor  t h a t  alarms bo th  l o c a l l y  and remote ly  
a t  t h e  r e c e p t i o n  b u i l d i n g ,  which is occupied a t  a l l  t i m e s .  A l a r m  r e s u l t s  
i n  n o t i f i c a t i o n  of  waste management pe r sonne l ,  who i n s t i t u t e  p r e s c r i b e d  
procedures  t o  c o r r e c t  t h e  s i t u a t i o n .  

A seepage p i t  s e rved  as t h e  f i n a l  receiver f o r  low-level r a d i o a c t i v e  
l i q u i d  condensate  u n t i l  October 1973, when use of t h e  p i t  w a s  d i scon t inued .  
The p i t  is 37 f t  l ong  x 18 f t  wide x 10 f t  deep and is  covered w i t h  
a n  8- in . - thick c o n c r e t e  s l a b  which p r o t e c t s  i t  from weather  and i n g r e s s  
of  w i l d l i f e .  The p i t  is n o t  u t i l i z e d  a t  t h e  p r e s e n t  t i m e .  

The concen t r a t ed  w a s t e  i n  t h e  bot tom of t h e  evapora to r  h e a t  exchanger  
i s  t r a n s f e r r e d  by g r a v i t y  t o  a 55-gallon carbon steel d i s p o s a b l e  c o n c e n t r a t o r  
drum. 
copper  steam c o i l ,  which remains wi th  t h e  r e s i d u e  a t  t h e  t i m e  of d i s p o s a l .  
The vapor from t h e  c o n c e n t r a t o r  drum i s  mixed wi th  d r y  a i r  and channeled 
through 20 HEPA f i l t e r s  i n  p a r a l l e l ,  t hen  through t h e  L&O exhaust  system 
t o  the 200-ft-high s t a c k .  

Any remaining l i q u i d  i n  t h e  r e s i d u e  is evapora ted  w i t h  an expendable 

The r a d i o a c t i v e  l i q u i d  w a s t e  stream from t h e  evapora to r  c o n t a i n s  
trace amounts o f  f i s s i o n  and a c t i v a t i o n  p roduc t s .  R a d i o a c t i v i t y  c o n c e n t r a t i o n s  
are below ERDA r a d i a t i o n  p r o t e c t i o n  s t a n d a r d s  f o r  release t o  uncon t ro l l ed  
areas. 

During 1974, r a d i o a c t i v i t y  i n  9.7 x l o4  g a l l o n s  of t r e a t e d  water 
d i scha rged  t o  t h e  i n d u s t r i a l  w a s t e  pond w a s  less than  10 u C i  of a l p h a  
and less than  8 p C i  o f  b e t a  a c t i v i t y ,  e x c l u s i v e  of t r i t i u m .  T r i t i u m  
d i scha rged  i n  t h i s  volume t o t a l e d  30 PCi. Table  11-4 shows a summary 
o f  annual  r a d i o a c t i v e  l i q u i d  d i scha rges  a t  ANL-W. 
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TABLE 11-4 

SUMMARY OF ANNUAL RADIOACTIVE L I Q U I D  DISCHARGES AT ANL-W 

Year Volume ( p a l )  R a d i o a c t i v i t y  (Ci) - 
1960 

1961  

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

- 0- 

518 , 87 5[ 

2 1  , 530 

29,500 

25,650 

27,220 

45 , 480 

60,000 

67,000 

ao, ooo 
75,000 

78,000 

69,000 

73,000 

97,000 

- 0- 

0.00005 

0.00037 

0.00008 

0.0139 

1.017 

0.398 

1.692 

0.640 

3.087 

3.320 

0.164 

0.025 

0.038 

0.030 

[a] I n c l u d e s  d i l u t i o n  water f o r  2 months. 

e .  Systems f o r  P rocess ing  Nonradioact ive Liquid  Wastes 

EBR-I1  

Nonradioac t ive  e f f l u e n t  c o n s i s t s  of s a n i t a r y  waste a s s o c i a t e d  
wi th  personnel  occupancy and of  the i n d u s t r i a l  w a s t e  genera ted  by t h e  
o p e r a t i o n  of a i r  compressors,  pumping sys tems,  a u x i l i a r y  b o i l e r s ,  r e a c t o r  
p l a n t  a u x i l i a r i e s ,  a i r  cond i t ion ing  equipment,  and coo l ing  towers .  

S a n i t a r y  waste is rou ted  i n t e r n a l l y  i n  t h e  EBR-I1  complex through 
c a s t  i r o n  p i p e  t o  t h e  sewer, which d i scha rges  t o  t h e  s a n i t a r y  lagoon. 
The i n d u s t r i a l  waste e f f l u e n t  i s  combined wi th  t h e  blowdown e f f l u e n t  
from t h e  coo l ing  tower. 
c a n a l ,  then  t o  t h e  i n d u s t r i a l  w a s t e  pond. S a n i t a r y  and i n d u s t r i a l  
w a s t e s  are n o t  measured u n t i l  a f t e r  mixing wi th  e f f l u e n t  from o t h e r  
f a c i l i t i e s ,  w i t h  t h e  excep t ion  of a u x i l i a r y  b o i l e r  blowewn.  
1 9 7 4 ,  38 l b  of  sodium s u l f i t e  and 32 lb of sodium phosphate  w e r e  r e l e a s e d  
t o  t h e  i n d u s t r i a l  waste 'pond i n  12,950 g a l l o n s  of blowdown[28]. 

This  combined e f f l u e n t  f lows t o  an  i n t e r c e p t o r  

During 
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Cooling tower l i q u i d  e f f l u e n t  is  comprised s o l e l y  of nonrad ioac t ive  
i n d u s t r i a l  waste produced from chemical t rea tment  of the steam coo l ing  
system makeup water.  This  e f f l u e n t ,  g e n e r a l l y  r e f e r r e d  t o  as "blowdown," 
i s  e x t r a c t e d  from t h e  main coo l ing  water supply  l i n e  t o  t h e  condenser .  
The blowdown f lows t o  a s u l f u r  d iox ide  t r ea tmen t  tank  (where t h e  hexavalen t  
chromium i o n  is chemica l ly  reduced t o  t r i v a l e n t  chromium) p r i o r  t o  
d i scha rge .  

During 1974, t h e  fo l lowing  q u a n t i t i e s  were d ischarged  t o  t h e  i n d u s t r i a l  
waste pond i n  1 .9  x l o 7  g a l l o n s  of blowdown water: 
chromium+3 - 602 l b ;  calcium s u l f a t e  - 41,071 l b ;  and sodium hydroxide - 
11,100 l b .  

z inc  - 144 l b ;  

TREAT 

Approximately 300,000 g a l l o n s  of r a w  w a t e r  are supp l i ed  
annua l ly  t o  t h e  TREAT f a c i l i t y ,  which produces approximately 160,000 
g a l l o n s  of i n d u s t r i a l  waste and 140,000 g a l l o n s  of s a n i t a r y  waste annua l ly .  
A ske tch  of  t h e  i n d u s t r i a l  and s a n i t a r y  waste e f f l u e n t  systems i s  shown 
i n  F igure  11-8. 

The i n d u s t r i a l  waste e f f l u e n t s  are d ischarged  i n t o  a d ry  w e l l  wi th  
an under lay  of  c o a r s e  g rave l .  The w e l l  i s  l o c a t e d  east of t h e  r e a c t o r  
b u i l d i n g .  Of t h e  t o t a l  annual  i n d u s t r i a l  e f f l u e n t ,  approximately 600 
g a l l o n s  are produced p e r  yea r  as b o i l e r  blowdown, which conta ined  3 l b  
of  Nalco-35 and 4.5 l b  of  phosphate du r ing  1974. 

Separa te  s a n i t a r y  waste d i s p o s a l  systems are provided f o r  t h e  
r e a c t o r  b u i l d i n g  and f o r  t h e  c o n t r o l  b u i l d i n g .  The system f o r  t h e  
r e a c t o r  b u i l d i n g  c o n s i s t s  of a s e p t i c  t ank  which d i s c h a r g e s  i n t o  a seepage 
p i t .  The s a n i t a r y  system f o r  t h e  c o n t r o l  b u i l d i n g  c o n s i s t s  of a 1,000- 
g a l l o n  s e p t i c  t ank  which a l s o  d r a i n s  i n t o  a seepage p i t .  

ZPPR - 
Nonradioact ive l i q u i d  wastes c o n s i s t  of s a n i t a r y  waste 

and t h e  i n d u s t r i a l  waste produced by the  coo l ing /p rocess  water f o r  
t h e  compressor,  a i r  c o n d i t i o n i n g ,  and o t h e r  r o t a t i n g  machinery.  A l l  
i n d u s t r i a l  waste e f f l u e n t s  are c o l l e c t e d  i n  ho ld ing  t anks  and analyzed 
p r i o r  t o  d i scha rge .  A f t e r  a n a l y s i s ,  t h e  i n d u s t r i a l  waste i s  d ischarged  
t o  t h e  i n d u s t r i a l  waste d i t c h ,  then  by g r a v i t y  flow t o  t h e  i n t e r c e p t o r  
c a n a l ,  and f i n a l l y  t o  t h e  i n d u s t r i a l  waste pond. 

HFEF 

Nonradioac t ive  l i q u i d  e f f l u e n t  con 's is ts  of s a n i t a r y  waste 
and i n d u s t r i a l  wastes a t  b o t h  HFEF-N and -S  f a c i l i t i e s .  The s a n i t a r y  
waste  e f f l u e n t  i s  pumped t o  t h e  s a n i t a r y  lagoon.  The i n d u s t r i a l  waste 
e f f l u e n t  i s  d ischarged  t o  a d i t c h  which d r a i n s  t o  t h e  i n d u s t r i a l  was te  
pond. 
i n t o  t h e  i n d u s t r i a l  w a s t e  system. 

Seve ra l  f l o o r  d r a i n s  i n  t h e  HFEF-S c l ean  area d r a i n  d i r e c t l y  
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L&O Bui ld ing  

S a n i t a r y  waste produced a l s o  is pumped t o  the  s a n i t a r y  
lagoon.  I n d u s t r i a l  wastes are c o l l e c t e d ,  monitored,  and,  i f  nonrad ioac t ive ,  
are t r a n s f e r r e d  t o  t h e  waste pond v i a  t h e  i n t e r c e p t o r  cana l .  

S a n i t a r y  Lagoon 

The s a n i t a r y  lagoon (F igure  11-3), l o c a t e d  about  1,000 
f t  n o r t h  of  t h e  ANL-W b u i l d i n g  f a c i l i t i e s ,  r e c e i v e s  a l l  s a n i t a r y  wastes 
from t h e  ANL-W b u i l d i n g  f a c i l i t i e s ,  except  from t h e  TREAT f a c i l i t y .  
The lagoon c o n s i s t s  of t h r e e  open ponds having  a combined area of 2 . 3  
acres. S a n i t a r y  waste e f f l u e n t  is  piped i n t o  the f i r s t  pond, then 
overf lows t o  t h e  second and t h i r d  ponds. The bottom of t h e  lagoon 
is s e a l e d  wi th  Bentoni te  t o  minimize s e e p a g e i n t o  t h e  unde r ly ing  s t r a t a .  
This  lagoon s e r v e s  as a f i n a l  r e c e i v e r  f o r  s a n i t a r y  wastes. The e f f l u e n t  
i n  t h e  s a n i t a r y  lagoon is sampled on a monthly schedule  f o r  de te rmina t ion  
of a c i d i t y  (pH), b i o l o g i c a l  oxygen demand (BOD), and d i s s o l v e d  oxygen 
(DO). A l l  s a n i t a r y  e f f l u e n t  i s  monitored cont inuous ly  f o r  r a d i o a c t i v i t y ;  
and if r a d i o a c t i v i t y  l e v e l s  exceed a predetermined s e t p o i n t  of 2.0 x 

p C i / m l ,  an alarm sounds l o c a l l y  and remotely a t  t h e  r e c e p t i o n  bu i ld ing .  

The d a t a  l i s t e d  i n  Table  11-5 w e r e  recorded du r ing  t h e  nonfreez ing  
months of 1974. A t o t a l  of 2.9 x l o 6  g a l l o n s  of w a t e r  w a s  d i scharged  
t o  t h e  s a n i t a r y  lagoon d u r i n g  1974. Table  11-6 p r e s e n t s  a summary of 
t h e  annual  n o n r a d i o l o g i c a l  l i q u i d  d i scha rges  of t h e  ANL-W f a c i l i t y .  

TABLE 11-5 

ANL-W SANITARY LAGOON ANALYSIS FOR NONFREEZING MONTHS I N  1974 

BOD pH Dissolved Oxygen 

Raw F i n a l  Raw F i n a l  Raw F i n a l  - - Month - 
June  123.3 45.3 7.89 8.66 0.00 4.89 

J u l y  105 44.4 8.77 8.18 0.05 0.00 

August 144 36.3 6.04 6.04 0.00 5.28 

September 97.8 35.8 8.45 8.23 0.04 0.04 

October 114 37.3 7.84 8.77 2.94 0.02 

I n d u s t r i a l  Waste Pond 

The i n d u s t r i a l  waste e f f l u e n t  from all of the  ANL-W b u i l d i n g s ,  
exc lud ing  the TREAT f a c i l i t y ,  is piped t o  d ra inage  d i t c h e s  which d i scha rge  
t o  the i n d u s t r i a l  waste pond. The pond l o c a t e d  n o r t h  of t h e  ANL-W complex 
is  a 3-acre evapora t ive  seepage pond fed  by a s u r f a c e  i n t e r c e p t o r  c a n a l  
i n t o  which o t h e r  d i t c h e s  d r a i n .  I n d u s t r i a l  w a s t e  waters from areas 
of  p o t e n t i a l  r a d i o a c t i v e  contaminat ion  are monitored b e f o r e  be ing  d ischarged  
t o  t h e  pond. 
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The fo l lowing  amounts of  chemica ls ,  i n  a d d i t i o n  t o  those  p rev ious ly  
d e s c r i b e d ,  were d ischarged  du r ing  1974 t o  t h e  i n d u s t r i a l  waste pond 
i n  3.15 x l o 7  g a l l o n  of water: 

(1) Sodium t h i o s u l f a t e  - 270 lb 

(2)  Ammonium c h l o r i d e  - 37 l b  

( 3 )  Sodium s u l f i t e  - 30 l b  

(4)  Acetic a c i d  - 8 l b  

(5) Bor ic  a c i d  - 34 l b  

(6)  Hydroquinon - 88 l b  

(7) Paraformaldehyde - 29 l b  

(8) Photographic  c o l o r  p rocess ing  chemicals  - 380 g a l l o n s  

(9)  F e r r i c  c h l o r i d e  s o l u t i o n  - 20 g a l l o n s  

(10) Xylene-containing l i q u i d s  - 1 7  g a l l o n s .  

Table  11-6 p r e s e n t s  a summary of annual  i n d u s t r i a l  waste d i scha rge  
from t h e  ANL-W complex. 

f .  Systems f o r  D i sposa l  of Radioac t ive  S o l i d  Wastes 

EBR-I1  

A major sou rce  (by volume b u t  n o t  by a c t i v i t y )  of s o l i d  
r a d i o a c t i v e  waste is  the accumulat ion of  wipe r a g s ,  p l a s t i c  c o n t a i n e r s ,  
shoe cove r s ,  and o t h e r  i n d u s t r i a l  s o l i d s  a s s o c i a t e d  w i t h  working wi th  
r a d i o a c t i v e  materials. Reac tor  components such as thermocouples ,  n u t s  
and b o l t s ,  and o t h e r  hardware are d isposed  of as s o l i d  r a d i o a c t i v e  
wastes. Rad ia t ion  from these components is g e n e r a l l y  low-level  ( l e s s  
t han  10 mR/hr). 
bags o r  cardboard  boxes f o r  d i s p o s a l .  Rad ia t ion  levels and smears of 
t h e  bags  and boxes are t aken  t o  e n s u r e  t h a t  t h e r e  is no l o o s e  contaminat ion  
o r  e x c e s s i v e  r a d i a t i o n  levels .  The c o n t a i n e r s  are t r a n s p o r t e d  t o  t h e  
INEL Rad ioac t ive  Waste Management Complex i n  s p e c i a l  v e h i c l e s  (dumpsters ) .  
Dumpsters and t r a n s p o r t  v e h i c l e s  are surveyed by t a k i n g  smears and 
by measuring t h e  r a d i a t i o n  l e v e l s  t o  ensure  t h a t  no l o o s e  contaminat ion  
e x i s t s  and t h a t  r a d i a t i o n  levels are w i t h i n  INEL l i m i t s .  

The components are c o l l e c t e d  and packaged i n  po lye thy lene  

In 1974,  870 f t 3  of low-level  r a d i o a c t i v e  s o l i d  waste were produced 
c o n t a i n i n g  20 p C i  o f  mixed f i s s i o n  p roduc t s  and mixed a c t i v a t i o n  products .  
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TREAT and ZPPR 

The sources  of s o l i d  r a d i o a c t i v e  w a s t e  a t  t h e  TREAT 
and ZPPR f a c i l i t i e s  are similar t o  t h a t  a t  t h e  EBR-11. 
f t 3  of  s o l i d  waste con ta in ing  3 p C i  were produced a t  TREAT, and 316 
f t 3  con ta in ing  15 p C i  were produced a t  ZPPR. 

I n  1974, 180 

HFEF-N and HFEF-S 

The HFEF-N and -S f a c i l i t i e s  produce and d i spose  of rad io-  
a c t i v e  s o l i d  wastes wi th  low gamma r a d i a t i o n  levels i n  a manner s imi l a r  
t o  t h a t  a t  the EBR-11. 
mR/hr is produced from the disassembly and i n s p e c t i o n  of subassembl ies ,  
f u e l  c l add ing  s c r a p  and d i sca rded  equipment items, and h igh  gamma 
l e v e l  waste and plutonium conta ined  i n  r e a c t o r  b l a n k e t  subassemblies .  
The h igh  gamma l e v e l  waste and plutonium b e a r i n g  materials are s t o r e d  
i n  t h e  Rad ioac t ive  Scrap and Waste F a c i l i t y ,  which is desc r ibed  i n  
Sec t ion  II.A.9. 

I n  a d d i t i o n ,  waste material g r e a t e r  than  100 

3 During 1974, 5,310 f t  o f  low-level w a s t e  c o n t a i n i n g  134 C i  o f  
mixed f i s s i o n / a c t i v a t i o n  p roduc t s  were produced a t  HFEF-S and d isposed  
of a t  t h e  INEL Radioac t ive  Waste Management Complex. S o l i d  r a d i o a c t i v e  
waste produced a t  HFEF-N i n  1974 conta ined  0.2 p C i  i n  a volume of 18 f t 3 .  

L&O Complex 

Low-level r a d i o a c t i v e  s o l i d  wastes are produced and 
d isposed  o f  a t  t h e  L&O complex i n  a manner similar t o  t h a t  a t  t h e  EBR-11. 
High i n t e n s i t y  gamma e m i t t i n g  w a s t e  produced i n  t h i s  complex is  a r e s u l t  
o f  chemis t ry  sample p r e p a r a t i o n  and of l i q u i d  waste evapora t ion  and 
c o n c e n t r a t i o n  which have been desc r ibed  p rev ious ly  under t h e  Sec t ion  
1 I . A . l . c  e n t i t l e d ,  "Systems f o r  Disposa l  of Radioac t ive  Liquid  Wastes." 
This  waste is packaged i n  s p e c i a l l y  designed c o n t a i n e r s  f o r  d i s p o s a l .  

I n  1974, t h e  L&O complex produced 3,560 f t 3  of s o l i d  r a d i o a c t i v e  
waste c o n t a i n i n g  576 C i  of a c t i v i t y .  The q u a n t i t i e s  of low-level  rad io-  
n u c l i d e s  d isposed  of  i n  9 ,535 f t 3  of waste a t  t h e  INEL Radioac t ive  
Waste Management Complex i n  1974 are l i s t e d  i n  Table  11-7. 

Radioac t ive  s o l i d  waste s t o r e d  a t  t h e  ANL-W Radioac t ive  Scrap 
and Waste F a c i l i t y  i n  60 f t 3  of material i s  l i s t e d  i n  Table  11-8. 
11-9 summarizes t h e  annual  amounts of s o l i d  wastes ( a )  s e n t  t o  t h e  
INEL Rad ioac t ive  Waste Management Complex from ANL-W from 1960 through 
1974 and (b) s t o r e d  a t  the aforementioned ANL-W s t o r a g e  f a c i l i t y ,  which 
i s  d i scussed  i n  g r e a t e r  d e t a i l  i n  Sec t ion  II.A.9. 

Table  

g. Systems f o r  D i sposa l  of Nonradioac t ive  So l id  Wastes 

Nonradioac t ive  s o l i d s  are similar f o r  a l l  f a c i l i t i e s  a t  t h e  
ANL-W complex. These are comprised of wastepaper ,  r a g s ,  wood, and 
m e t a l  materials a s s o c i a t e d  w i t h  a d m i n i s t r a t i v e  o f f i c e  work and p l a n t  
maintenance o p e r a t i o n s .  These wastes are c o l l e c t e d  manually and t r ans -  
po r t ed  i n  dumpsters t o  t h e  CFA s a n i t a r y  l a n d f i l l .  Wastes d isposed  
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TABLE 11-7 

RADIONUCLIDES IN ANL-W LO:?-LEVEL SOLID WASTE II? 1974 

Nucl ide  C i  

Cerium-144 5.625 

Cesium-137 7.876 

Mixed a c t i v a t i o n  products  88.76 

Mixed f i s s i o n  p roduc t s  457.7 

Plutonium-239 1.040 

P lu  t onium-240 1.078 

S t r o n t  ium-90 147.9 

Uranium- 2 3 5 0.0037 

Uranium-238 0.026 

T o t a l  710.0 

TABLE 11-8 

RADIOACTIVE SOLID WASTE STORED AT ANL-W I N  1974 

Nucl ide 

Chromium- 51  

Cobalt-58 

Cobalt-60 

Manganese-54 

Mixed a c t i v a t i o n  Products  

C i  

19,090 

8,616 

47 920 

10,170 

5,744 

T o t a l  91  540 
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TABLE 11-9 

SUMMARY OF ANL-W ANNUAL RADIOACTIVE SOLID WASTE 

Year - 
1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

197 3 

1974 

S o l i d  Waste to 
INEL Subsurface Disposal 

Ci F t 3  

4.7 856 

78.7 2,127 

454.5 1 , 3 7 1  

2.9 1 ,910  

415.0 1,726 

388.8 8,081 

4,160.0 12,100 

11,007.0 19,506 

20,733.0 16,952 

7,040.0 15,550 

2,122.5 12,315 

3,311.0 14,850 

40.5 11,900 

850.1 16,710 

707.9 9,535 

Radioactive Scrap and 
Waste Facility 

C i  Ft3  

7 60,797 

2,454,465 

1,492,504 

1,878,902 

950,961 

671,900 

476,700 

274,000 

438,300 

91,540 

234 

558 

454 

321 

175 

64 

107  

145 

82 

60 

3 i n  1974 conta ined  4,340 yd3 of  trash, 196 yd3 of cafeter ia  garbage ,  
143  yd3 o f  wood and s c r a p  lumber,  12 yd3 of masonry and c o n c r e t e ,  8 yd 
of s c r a p  metal, and 590 l b  of chemicals .  
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2.  Naval Reac to r s  F a c i l i t y  (NRF) 

The NRF s i te  i s  approximate ly  8 m i  n o r t h  of the CFA. It 
c o n t a i n s  t h r e e  o p e r a t i n g  n a v a l  r e a c t o r  p r o t o t y p e s ,  t h e  Expended Core 
F a c i l i t y  (ECF) and a d m i n i s t r a t i v e  and suppor t  f u n c t i o n s .  Westinghouse 
Elec t r ic  Corpora t ion  (WEC) o p e r a t e s  t h e s e  f a c i l i t i e s  f o r  ERDA. F igure  
11-11 is a p e r s p e c t i v e  view of NRF.  

The S1W r e a c t o r  p l a n t ,  o r i g i n a l l y  t h e  p ro to type  f o r  t h e  n u c l e a r  
powered submarine NAUTILUS, h a s  been i n  o p e r a t i o n  s i n c e  1953 and w a s  
t h e  f i r s t  r e a c t o r  p l a n t  c o n s t r u c t e d  a t  NRF. S1W p r e s e n t l y  i s  used 
t o  t es t  nava l  n u c l e a r  r e a c t o r s  and n u c l e a r  r e a c t o r  components and t o  
t r a i n  U .  S.  Navy pe r sonne l  f o r  s e r v i c e  on n u c l e a r  powered s h i p s .  

The A1W r e a c t o r  p l a n t  i s  t h e  p ro to type  f o r  t h e  a i r c r a f t  carrier 

The A1W p l a n t  
ENTERPRISE. It h a s  been i n  o p e r a t i o n  s i n c e  1959. A1W is  a two r e a c t o r  
p l a n t  i n  which two c o r e s  are i n s t a l l e d  and o p e r a t i n g .  
a l s o  i s  used t o  t r a i n  Navy pe r sonne l .  

The S5G r e a c t o r  p l a n t ,  t h e  newest of  t h e  NRF p l a n t s ,  became opera- 
t i o n a l  i n  1966. S5G i s  t h e  p r o t o t y p e  i n  which water f low through t h e  
n u c l e a r  r e a c t o r  i s  by thermal c i r c u l a t i o n  r a t h e r  t han  by pumps. The 
p l a n t  w a s  des igned ,  c o n s t r u c t e d ,  and ope ra t ed  by the General  Electr ic  
(GE) Company u n t i l  1972, when t h e  WEC became r e s p o n s i b l e  f o r  i t s  opera-  
t i o n .  T h i s  p l a n t  a l s o  is  used t o  t r a i n  Navy personnel .  

The ECF, which became o p e r a t i o n a l  i n  1958, i s  a l a r g e  f a c i l i t y  
f o r  examining, measuring,  and t e s t i n g  components t h a t  have been i r r a d i a t e d  
i n  n u c l e a r  r e a c t o r s .  Also i n  t h i s  f a c i l i t y  s t r u c t u r a l  material  from 
expended nava l  c o r e  f u e l  modules is  removed. A f t e r  s e p a r a t i o n ,  t h e  
s t r u c t u r a l  p a r t s  are t r a n s p o r t e d  t o  t h e  INEL Rad ioac t ive  Waste Management 
Complex f o r  d i s p o s i t i o n ,  and t h e  expended f u e l  is t r a n s f e r r e d  t o  t h e  
ICPP f o r  r e p r o c e s s i n g  and recovery  of  f i s s i l e  material. 

a. Systems f o r  Vent ing Rad ioac t ive  Airborne  Wastes 

The p o t e n t i a l  sou rce  o f  a i r b o r n e  r a d i o a c t i v i t y  a s s o c i a t e d  
w i t h  t h e  p ro to types  of t h e  NRF complex i s  t h e  r a d i o a c t i v i t y  conta ined  
i n  t h e  r e a c t o r  coo lan t  systems.  These systems c o n t a i n  neu t ron  a c t i v a t e d  
c o r r o s i o n  and w e a r  p roduc t s ,  a c t i v a t e d  i m p u r i t i e s  i n  r e a c t o r  c o o l a n t ,  
and s m a l l  q u a n t i t i e s  of  f i s s i o n  p roduc t s  from trace i m p u r i t i e s  of  n a t u r a l  
uranium i n  r e a c t o r  s t r u c t u r a l  materials. R a d i o a c t i v i t y  might be r e l e a s e d  
and become a i r b o r n e  i f  a r e a c t o r  coo lan t  l e a k  should occur ;  release 
a l s o  might occur  d u r i n g  sampling o p e r a t i o n s ,  du r ing  maintenance and 
ove rhau l  o p e r a t i o n s  which r e q u i r e  opening t h e  system, o r  wh i l e  working 
on contaminated components removed from t h e  system. The p o s s i b i l i t y  
of r a d i o a c t i v i t y  becoming a i r b o r n e  i s  minimized by t h e  h igh  i n t e g r i t y  
of  n a v a l  r e a c t o r  f u e l  e lements  and pr imary coo lan t  systems.  I n  a d d i t i o n ,  
s t r i n g e n t  r a d i o l o g i c a l  c o n t r o l s  developed du r ing  20 y r  of p ro to type  
o p e r a t i o n  a t  NRF are a p p l i e d  du r ing  a l l  o p e r a t i o n s  i n  o r d e r  t o  ensu re  
t h e  least  p o s s i b l e  release of a i r b o r n e  r a d i o a c t i v i t y .  
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(1) P a r t i c u l a t e  Releases 

In  ECF, where expended nava l  r e a c t o r  co re  components 
are r o u t i n e l y  handled ,  t h e  p o t e n t i a l  ex is t s  f o r  a i r b o r n e  p a r t i c u l a t e  
release. Consequently a l l  a i r  t o  be  vented from t h e  f a c i l i t y  f i r s t  
i s  passed through HEPA f i l t e r s  w i th  99.97% e f f i c i e n c y  f o r  p a r t i c u l a t e  
removal and /o r  cha rcoa l  f i l t e r s .  Monitor ing is cont inuous t o  enable  
r a p i d  shutdown of v e n t i l a t i n g  equipment i n  t h e  u n l i k e l y  event  t h a t  
a i r b o r n e  p a r t i c u l a t e  a c t i v i t y  exceeds a concen t r a t ion  l i m i t  of 1 x 
pCi/cm3. This  l i m i t  i s  based on the r a d i o a c t i v i t y  c o n c e n t r a t i o n  guide 
l i s t e d  i n  AECM (ERDA) Chapter  0524[7] f o r  a i r b o r n e  release t o  an unre- 
s t r i c t e d  area of i n s o l u b l e  cobal t -60,  t h e  predominant r a d i o a c t i v e  i s o t o p e  
a s s o c i a t e d  wi th  NRF o p e r a t i o n s .  

To c a l c u l a t e  p a r t i c u l a t e  releases c o n s e r v a t i v e l y ,  a l l  a i r  r e l e a s e d  
is assumed t o  have a c o n c e n t r a t i o n  equa l  t o  the minimum d e t e c t a b l e  a c t i v i t y  
of  the d e t e c t i o n  system. On t h i s  b a s i s  NRF p a r t i c u l a t e  releases i n  
1974 t o t a l e d  only  0.2 m i l l i c u r i e .  

NRF h a s  been i n s t a l l i n g  improved f ixed  f i l t e r  samplers  on a l l  
exhaus t s  which might release a i r b o r n e  p a r t i c u l a t e  r a d i o a c t i v i t y .  This  
improved monitor ing c a p a b i l i t y  provides  the  a b i l i t  t o  d e t e c t  releases 
a t  a l l  l o c a t i o n s  down i o  c o n c e n t r a t i o n s  of 1 x 
i s  below n a t u r a l  background a t  NRF. 

pCi/cm3, which 

(2) Gaseous Releases 

Gaseous r a d i o a c t i v i t y  a t  NRF is produced by neu t ron  a c t i v a t i o n  
o f  gaseous i m p u r i t i e s  i n  r e a c t o r  c o o l a n t ,  by product ion  of t r i t i u m  
(12.3-yr h a l f - l i f e )  from neu t ron  c a p t u r e  i n  n a t u r a l l y  o c c u r r i n g  deuter ium 
i n  t h e  c o o l a n t ,  and by f i s s i o n  of t h e  trace i m p u r i t i e s  of n a t u r a l  uranium 
i n  r e a c t o r  s t r u c t u r a l  materials. These gases  are r e l e a s e d  when r e a c t o r  
coo lan t  systems are d ra ined  o r  sampled. The p r i n c i p a l  i s o t o p e s  produced, 
i n  a d d i t i o n  t o  t r i t i u m  mentioned above, are argon-41 (1.8-hr h a l f -  
l i f e ) ,  xenon-133 (5.3-day h a l f - l i f e ) ,  and krypton-85 (10.7-yr h a l f -  
l i f e ) .  The t o t a l  release of  argon-41 dur ing  1974 w a s  0.00011 C i .  Within 
2 4  h r  t h i s  a c t i v i t y  h a s  decayed t o  one one-thousandth of i t s  release 
c o n c e n t r a t i o n ,  and i t  i s  of  l i t t l e  environmental  s i g n i f i c a n c e .  Xenon-133 
releases are much smaller. During 1974, t h e r e  w e r e  2 C i  of krypton-85 
r e l e a s e d  from NRF. 

b .  System f o r  Venting Nonradioact ive Airborne Wastes 

A source  of  nonrad ioac t ive  a i r b o r n e  waste i s  t h e  burn ing  
of  f u e l  f o r  h e a t i n g  purposes .  T h i s  produces s u l f u r  d iox ide  p a r t i c u l a t e s ,  
e tc .  Typ ica l  amounts are shown i n  Table  11-10. Other  sou rces  of nonradio- 
a c t i v e  a i r b o r n e  waste inc lude  an  i n c i n e r a t o r ,  coo l ing  towers ,  and va r ious  
chemis t ry  hood exhaus t s .  
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TABLE 11-10 

1974 NRF NONRADIOACTIVE AIRBORNE RELEASES 

B o i l e r  s t a c k  d i scha rge :  

F u e l  burned,  g a l l o n s  x lo6 
S u l f u r  d iox ide ,  l b  

P a r t i c u l a t e s  , l b  

1,700,000 

523,000 

29,000 

c. System f o r  D i sposa l  f o r  Rad ioac t ive  Liquid  Wastes 

(1)  Sources  o f  Liquid  Rad ioac t ive  Wastes 

The p r i n c i p a l  sou rce  of  r a d i o a c t i v i t y  i n  l i q u i d  wastes 
from NRF p r e s s u r i z e d  water r e a c t o r  (PWR) p ro to types  is from trace amounts 
of neu t ron  a c t i v a t e d  c o r r o s i o n  and wear p roduc t s .  These p roduc t s  o r i g i n a t e  
from metal s u r f a c e s  which are i n  d i r e c t  c o n t a c t  w i t h  r e a c t o r  c o o l a n t  
water . 

Radionucl ides  i n  t h e s e  c o r r o s i o n  and wear p roduc t s  w i th  h a l f -  
l i v e s  g r e a t e r  t han  1 day i n c l u d e  chromium-51, manganese-54 , i ron-55,  
iron-59, cobal t -58,  cobal t -60,  zirconium-95, antimony-125, hafnium-181, 
tantalum-182, and tungsten-187. The predominant and longes t - l i ved  
o f  t h e s e  r a d i o n u c l i d e s  i s  cobal t -60,  which has  a 5.25-yr h a l f - l i f e .  

The r e a c t o r  coo lan t  a l s o  c o n t a i n s  s h o r t - l i v e d  r a d i o n u c l i d e s  w i t h  
h a l f - l i v e s  r ang ing  from seconds t o  hours .  The h i g h e s t  c o n c e n t r a t i o n s  
of t h e s e  r a d i o n u c l i d e s  i n  r e a c t o r  c o o l . 2 t  are ni t rogen-16 (7-sec h a l f -  
l i f e )  , nit rogen-12 (IO-min h a l f - l i f e ) ,  f luor ine-18  (1.8-hr h a l f - l i f e ) ,  
argon-41 (1.8-hr h a l f - l i f e ) ,  and manganese-56 (2.6-hr h a l f - l i f e ) .  For 
t h e  l o n g e s t - l i v e d  o f  these, t h e  c o n c e n t r a t i o n  is reduced t o  one one-thousandth 
o f  i t s  i n i t i a l  c o n c e n t r a t i o n  one day a f t e r  t r a n s f e r  from t h e  o p e r a t i n g  
p l a n t  t o  t h e  r a d i o a c t i v e  waste p rocess ing  system, and t h e  c o n c e n t r a t i o n  
i s  reduced t o  one one-mi l l ion th  i n  about  two days.  Because of  t h e i r  s m a l l  
amounts and r a p i d  decay, s h o r t - l i v e d  r a d i o n u c l i d e s  are i n s i g n i f i c a n t  
compared wi th  long- l ived  r a d i o n u c l i d e s  f o r  waste d i s p o s a l  c o n s i d e r a t i o n s ,  
and they  w i l l  d i s a p p e a r  du r ing  t ank  holdup of w a s t e  f o r  p rocess ing .  

F i s s i o n  p roduc t s ,  i n c l u d i n g  r a d i o a c t i v e  i s o t o p e s  of krypton  and 
xenon, are r e t a i n e d  w i t h i n  t h e  c l add ing  of  nava l  f u e l  e lements .  Naval 
r e a c t o r  f u e l  e lements  are t e s t e d  thoroughly t o  conf i rm t h e i r  a b i l i t y  
t o  ma in ta in  i n t e g r i t y  under o p e r a t i n g  and abnormal c o n d i t i o n s  under 
t h e  e f f e c t s  of r a d i a t i o n .  On t h e  b a s i s  of  t h e s e  tests and t h e  p a s t  
s u c c e s s f u l  o p e r a t i o n  of  n a v a l  r e a c t o r  c o r e s ,  f u e l  e lement  d e f e c t s  which 
could  release s i g n i f i c a n t  f i s s i o n  product  r a d i o a c t i v i t y  t o  t h e  coo lan t  
are n o t  expec ted .  However, trace amounts of f i s s i o n  p roduc t s  do appear  
i n  NRF p r o t o t y p e  r e a c t o r  c o o l a n t  fo l lowing  f i s s i o n  of  t h e  n a t u r a l  uranium 
impur i ty  i n  t h e  z i r c a l o y  f u e l  c l add ing .  The impur i ty  l e v e l  of n a t u r a l  
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uranium i n  z i r c a l o y  i s  about  1 ppm. The c o n c e n t r a t i o n  i n  t h e  r e a c t o r  
c o o l a n t  of  f i s s i o n  p r o d u c t s  from t h e  uranium impur i ty  is so  low t h a t  
t h e  t o t a l  r a d i o a c t i v i t y ,  caused by t h e  long- l ived  f i s s i o n  product  rad io-  
n u c l i d e s  s t ron t ium-90  and cesium-137, is s m a l l  i n  comparison wi th  t h e  
r a d i o n u c l i d e s  from c o r r o s i o n  and wear p roduc t s .  

During p r o t o t y p e  r e a c t o r  o p e r a t i o n ,  d a i l y  moni tor ing  of t h e  r a d i o a c t i v i t y  
i n  r e a c t o r  coo lan t  a lmost  i n v a r i a b l y  e s t a b l i s h e s  t h a t  t h e  low c o n c e n t r a t i o n s  
p r o j e c t e d  are n o t  exceeded. The d a t a  t o  d a t e  show t h a t  no s i g n i f i c a n t  
f i s s i o n  p roduc t s  occur  i n  t h e  r e a c t o r  c o o l a n t ,  even i f  f u e l  e lement  
d e f e c t s  were t o  e x i s t  i n  t h e  p ro to type  r e a c t o r  co re .  The d a t a  a l s o  
conf i rm t h e  e f f e c t i v e n e s s  of  t h e  f a b r i c a t i o n  methods, q u a l i t y  c o n t r o l ,  
and t h e  e x t e n s i v e  f u e l  e lement  i n s p e c t i o n  p rocesses  used i n  nava l  r e a c t o r  
p ro to types .  I n  t h e  even t  t h a t  d e f e c t s  i n  f u e l  e lements  ever should  
o c c u r ,  a d d i t i o n a l  f i s s i o n  p roduc t s  could be r e l e a s e d  t o  t h e  coo lan t .  
However, NRF r a d i o a c t i v e  w a s t e  p rocess ing  systems are designed w i t h  
s t o r a g e  and p r o c e s s i n g  c a p a c i t y  s u f f i c i e n t  t o  reduce such a c t i v i t i e s  
t o  t h e  low levels which are c o n s i s t e n t  w i th  e s t a b l i s h e d  release l i m i t s .  

S m a l l  amounts o f  t r i t i u m  (12-yr h a l f - l i f e )  are formed i n  t h e  r e a c t o r  
coo lan t  system, p r i n c i p a l l y  from neu t ron  i n t e r a c t i o n  wi th  t h e  n a t u r a l l y  
o c c u r r i n g  deuter ium p r e s e n t  i n  t h e  coo lan t  water (approximately 0.015%).  
T r i t i u m  i s  produced a l s o  i n  small q u a n t i t i e s  w i t h i n  t h e  f u e l  element 
as a n a t u r a l  r e s u l t  o f  the f i s s i o n  p r o e e s s ,  b u t  is prevented  from escaping  
t o  t h e  coo lan t  water by t h e  f u e l  e lement  c l add ing  material .  

(2) D e s c r i p t i o n  o f  t h e  Rad ioac t ive  Liquid  Waste System 

NRF restricts the d i s c h a r g e  of s i g n i f i c a n t  waterborne  
r a d i o a c t i v i t y  t o  t h e  environment by o p e r a t i n g  a s e p a r a t e  p rocess ing  
sys tem i n  each o f  t h e  f o u r  f a c i l i t i e s .  A t y p i c a l  improved p r o t o t y p e  
p rocess ing  sys tem i s  shown i n  t h e  s i m p l i f i e d  b lock  diagram of F igu re  11-12. 
These improved systems w e r e  i n s t a l l e d  i n  SlW, A l W ,  and S5G i n  1971 
and t h e i r  o p e r a t i o n  reduces  r a d i o a c t i v i t y  c o n c e n t r a t i o n s  i n  waste e f f l u e n t s  
t o  minimum p r a c t i c a b l e  levels .  The e f f l u e n t s  are d ischarged  a f t e r  
t r ea tmen t  t o  t h e  two seepage b a s i n s  shown i n  t h e  s i te  p l a n  i n  F igu re  11-11. 
In  1974, t h e  t o t a l  r a d i o a c t i v i t y  r e l e a s e d  i n  l i q u i d  e f f l u e n t  w a s  about  
0.001 C i ,  e x l u d i n g  t r i t i u m .  
w a s  5 .9  x p C i / m l .  T h e  average  release c o n c e n t r a t i o n  meets t h e  
s t r i n g e n t  release c r i t e r i o n  f o r  an u n i d e n t i f i e d  r a d i o n u c l i d e  t o  a con- 
t r o l l e d  area as s p e c i f i e d  i n  AECM (ERDA) Chapter  0524. To ma in ta in  
r a d i o a c t i v e  releases i n  l i q u i d s  a t  l e v e l s  which are ''as low as p r a c t i c a b l e , "  
t h e  NRF waste management system i n c o r p o r a t e s  t h e  p r i n c i p a l  f e a t u r e s  
l i s t e d  below: 

The average r a d i o a c t i v i t y  c o n c e n t r a t i o n  

( a )  I n  t h e  r e a c t o r  p l a n t  systems,  t h e  d ischarged  waste water 
i s  processed  d i r e c t l y  through a series of  f i l t e r s  and i o n  
exchangers  and i n t o  ho ld ing  tanks .  The f i l t e r s  are of t h e  
a c t i v a t e d  c h a r c o a l  and s t a n d a r d  c a r t r i d g e  f i l t e r  t ypes .  
The ion-exchange media c o n s i s t  of v a r i o u s  types  of r e s i n s  
t h a t  remove s o l u b l e  r a d i o a c t i v i t y .  Each system h a s  a pre-  
p r o c e s s i n g  s t o r a g e  t ank  which can be used i n  t h e  u n l i k e l y  
even t  t h a t  t h e  volume of  w a t e r  t o  be  processed  exceeds t h e  
c a p a b i l i t i e s  of  t h e  system. 
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Waste Water Inlet 
(optional holdup) 

b Direct Waste Water Inlet 

Carbon Bed 
H-OH Resin and 

Discharge to Seepage Basin 
Average Activity -lW7 pCi/ml 

Figure  11-12. Typical NRF Liquid Radioactive Waste Processing System. 
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A f t e r  p r o c e s s i n g  and t r a n s f e r  of waste water t o  t h e  hold 
t a n k ,  a sample is  drawn and analyzed t o  de te rmine  i f  i t s  
r a d i o a c t i v i t y  c o n c e n t r a t i o n  i s  below t h e  release l i m i t  of 
1 x u C i / c m  . I f  t h e  sample meets t h e  s p e c i f i c a t i o n ,  
t h e  water is t r a n f e r r e d  t o  t h e  "clean" t ank ;  o the rwise  , 
t h e  water i s  r ep rocessed  u n t i l  i t  meets t h e  release 
s p e c i f i c a t i o n .  

3 

Before water from t h e  "clean" tank can be r e l e a s e d ,  a 
sample must b e  drawn, ana lyzed ,  and s t i l l  b e  below t h e  
release l i m i t .  

Admin i s t r a t ive  c o n t r o l  r e q u i r e s  t h a t  cognizant  manage- 
ment must approve the release i n  w r i t i n g  on ly  a f t e r  t h e  
r e s u l t s  o f  t h e  "c lean"  t ank  sample are examined. 

Samples are t aken  d u r i n g  release, downstream of t h e  f i n a l  
f i l t e r  t o  a s s u r e  t h a t  t h e  r a d i o a c t i v e  c o n c e n t r a t i o n  is 
s t i l l  below s p e c i f i c a t i o n  and t o  o b t a i n  a r e p r e s e n t a t i v e  
sample f o r  f i n a l  a n a l y s i s .  

I f  any one of  t h e s e  samples is above s p e c i f i c a t i o n ,  t h e  
release is s topped  immediately.  

p rocessed  water i s  r e l e a s e d  t o  one of t h e  two seepage b a s i n s  
F igure  11-11. The b a s i n s ,  which are fenced t o  p reven t  e n t r y  

by w i l d l i f e ,  are p i t s  dug i n  the e a r t h  and e i t h e r  rock  covered o r  d i r t  
and rock covered. 

A s i m i l a r  waste p rocess ing  system w a s  i n s t a l l e d  i n  1972 a t  ECF, 
excep t  t h a t  t h e  processed  e f f l u e n t  is  reused  i n  ECF o p e r a t i o n s .  Water 
is  c o n t i n u a l l y  processed  through Celite f i l t e r  cakes and passed  through 
ion-exchange r e s i n s  f o r  s o l u b l e  a c t i v i t y  removal. Some of t h i s  water 
is  p rocessed  through ano the r  H-OH r e s i n ,  a f i n a l  f i l t e r ,  and then  t o  
t h e  r e u s e  t ank ,  where i t  is  a v a i l a b l e  f o r  r euse  i n  ECF o p e r a t i o n s .  
Opera t ion  w i t h  t h i s  sys tem h a s  e l i m i n a t e d  l i q u i d  waste d i s c h a r g e s  from ECF 
i n  1973. F igu re  11-13 shows t h e  s i g n i f i c a n t  r e d u c t i o n s  i n  t h e  volume 
and r a d i o a c t i v i t y  i n  l i q u i d s  r e l e a s e d  i n  r e c e n t  y e a r s .  

Processed  r a d i o a c t i v e  wastes are d i r e c t e d  t o  t h e  seepage b a s i n s  
shown i n  F i g u r e  11-11, which are a d j a c e n t  t o  t h e  NRF site. The gen- 
e r a l  c h a r a c t e r  of  t h e  wastes i s  t h a t  of f i l t e r e d ,  de ion ized  water w i t h  
a r a d i o a c t i v i t y  c o n t e n t  less t h a n  1 x p C i / m l  g r o s s  a c t i v i t y ,  less 
tritium. Table  11-11 shows a t y p i c a l  d i s t r i b u t i o n  of measured a c t i v i t y  
i n  p r o t o t y p e  releases i n  1974. 
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Wuc li d e 

h t imany-124 

Carb on-14 

Cerium- 1 4  4 

Cesium-137 

Cobalt-60 

S i lver -110  

U n i d e n t i f i e d  beta-gamma 

F r a c t i o n  (2) 

0.25 

38.6 

1 .2  

1.3 

4.4 

1 ,7  

53.5 

[a] Data ob ta ined  from NRF l i q u i d  waste f o r  1974 r e p o r t e d  by INEL 
WMIS. Trace amounts (<0.1%) of cobal t -58,  cesium-134, and 
u n i d e n t i f i e d  a lpha  were a l s o  d e t e c t e d .  

Carbon-14 is  t h e  p r i n c i p a l  r a d i o a c t i v e  i s o t o p e  i d e n t i f i e d  i n  t h i s  
l i q u i d ,  and t h e  release c o n c e n t r a t i o n  is a f a c t o r  of more than  1,000 
below t h e  p e r m i s s i b l e  c o n c e n t r a t i o n  o f  s o l u b l e  carbon-14 t o  an  u n r e s t r i c t e d  
area L71. A summary o f  t h e  annual  releases of r a d i o a c t i v e  l i q u i d s  t o  
NRF seapage b a s i n s  s i n c e  1952 is given i n  Table  11-12. 

The envi ronmenta l  e f f e c t  o f  r e l e a s i n g  l i q u i d  t o  the seepage b a s i n  
i s  l o c a l i z e d  t o  t h e  rock covered b a s i n .  The rdck cove r ing  restricts 
t h e  release of  a i r b o r n e  r a d i o a c t i v i t y  when l i q u i d  evapora t e s  n a t u r a l l y  
from t h e  b a s i n .  Table  11-12 i n d i c a t e s  t h a t  about  347 C i  have been 
r e l e a s e d  t o  NRF seepage b a s i n s  s i n c e  1952, and i t  is  e s t i m a t e d  t h a t  
t h e r e  are approximate ly  167 C i  remaining i n  t h e  b a s i n s  a f t e r  account ing  
f o r  decay of  t h e  r e l e a s e d  r a d i o n u c l i d e s .  Access by pe r sonne l  o r  l a r g e  
w i l d l i f e  t o  t h e  b a s i n s  i s  r e s t r i c t e d  by ,a fence  sur rounding  t h e  b a s i n .  
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TABLE 11-12 

ANNUAL RELEASE OF RADIOACTIVITY IN LIQUIDS TO NRF SEEPAGE BASINS 

Year 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
19 70 
1971 
1972 
1973 
19 74 

- 

Tot a1 

6 Volume 
(Gallons x 10 ) 

- 
3 
10 
10 
11 

12 
14 
17 
22 

25 
28 
27 
27 
33 
37 
35 
38 

31 
20 

11 
1 

0.5 
0.5 

412 

Act ivi t y 
(Excluding Tritium) 

(Ci) 

1 
1 

5 
3 
5 
30.6 
8.6 
30.6 
30.6 
40.6 
56.6 
31.5 
24.5 
17.5 
8.5 

12.5 
15.5 
11.5 
3.7 
0.5 

0.007 

0.001 

338.3 

Activity 
Tritium 

(Ci) 

0.1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.3 
0.2 
0.5 
1.6 - 
9.0 
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d. System f o r  D i sposa l  of Nonradioact ive Liquid  Wastes 

(1) Treatment of  I n d u s t r i a l  Wastes 

Heat genera ted  du r ing  p ro to type  o p e r a t i o n s  a t  NRF is  
removed by c i r c u l a t i n g  secondary system coolant  water from t h e  r e a c t o r  
p l a n t s  t o  sp ray  ponds o r  t o  coo l ing  towers ,  where t h e  hea ted  water 
i s  cooled by evapora t ion .  
chemicals  t o  c o n t r o l  pH, p reven t  c o r r o s i o n ,  and c o n t r o l  t h e  growth 
of  a l g a e  and b a c t e r i a .  
is t r e a t e d  s i m i l a r l y .  Chemical composi t ions of water i n  c i r c u l a t i n g  
coo lan t  and i n  t h e  s i t e  b o i l e r h o u s e  are shown i n  Table  11-13. 

T h i s  p rocess  w a t e r  is t r e a t e d  wi th  p r o p r i e t a r y  

Water used i n  the s i te  b o i l e r h o u s e  steam systems 

TABLE 11-13 

CHEMICAL COMPOSITION OF WATER I N  NRF CIRCULATING 

COOLANT AND BOILERHOUSE WATER 

PH 

Phosphate  

S u l f i t e  

C i r c u l a t i n g  Coolant  B o i l  erhous e 

5.8-6.5 10.3-11.5 
( c o n t r o l l e d  w i t h  ( c o n t r o l l e d  w i t h  
s u l f u r i c  a c i d )  t r i sod ium phosphate)  

12-17 ppm 
- 

150-300 ppm 

30-125 ppm 

T o t a l  d i s s o l v e d  s o l i d s  1 ,300 ppm 1,400 ppm 

Cooling tower blowdown c o n s t i t u t e s  the bu lk  of the water r e l e a s e d  
t o  a l and  t r ea tmen t  f a c i l i t y .  T h i s  w a t e r  is r a w  w e l l  water t r e a t e d  
wi th  s u l f u r i c  a c i d  t o  a pH range of  5.8 t o  6 .5 ,  phosphate  of %15 ppm, 
and p r o p r i e t a r y  b i o c i d e s .  Another release c o n s i s t s  of ion-exchange 
column regene ran t s  of concen t r a t ed  s u l f u r i c  a c i d  and 50% sodium hydroxide 
s o l u t i o n s .  Raw w e l l  water a l s o  i s  processed through water s o f t e n e r  
u n i t s  f o r  human use ;  t h e s e  s o f t e n e r s  are regene ra t ed  us ing  sodium c h l o r i d e ,  
which is  r e l e a s e d  t o  t h e  f a c i l i t y .  Add i t iona l  nonrad ioac t ive  water 
d i scha rges  r e s u l t  from blowdown of h e a t  exchangers.  

The c o n c e n t r a t i o n s  of chemicals  and s o l i d  materials i n  t h e  coo l ing  
and b o i l e r h o u s e  systems are c o n t r o l l e d  by r o u t i n e  blowdowns which are 
made by d i s c h a r g i n g  system water t o  a land  t r ea tmen t  f a c i l i t y  l o c a t e d  
a d j a c e n t  t o  t h e  NRF per ime te r .  

Table  11-14 l i s t s  t h e  c h a r a c t e r i s t i c s  of t h e  water r e l e a s e d  t o  
t h e  l and  t r ea tmen t  f a c i l i t y .  The u t i l i z a t i o n  of t h i s  land  t r ea tmen t  
f a c i l i t y  f o r  such  d i s c h a r g e s  is i n  compliance wi th  proposed requi rements  
f o r  c o n t r o l  o f  l i q u i d  w a s t e  material recommended i n  1973 by t h e  Idaho 
Board of Environmental  and Community S e r v i c e s [ 2 9 ] .  
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TABLE 11-14 

TYPICAL ANNUAL NONRADIOACTIVE L I Q U I D  RELEASE CHARACTERISTICS 

Land t r ea tmen t  f a c i l i t y  : 

1. Quan t i ty  - m i l l i o n  g a l l o n s  

2. Water q u a l i t y  

PH 
Conduc t iv i ty  (vmhos/cm) 

T o t a l  d i s s o l v e d  s o l i d s  (ppm) 

Phosphate  (pprn) 

3 .  Released chemicals  ( l b )  

Ch lo r ide  i o n  

Phosphate  i o n  

Sodium i o n  

S u l f a t e  i o n  

P r o p r i e t a r y  b i o c i d e s  

100 - 300 

6.0-8.1 

850-5,200 

700-1,100 

8-10 

244,000 

28 , 000 

244,000 

1,000 , 000 

20,000 

(2)  Treatment of  Sewage Wastes 

Sewage from NRF i s  pumped d i r e c t l y  i n t o  d u a l  sewage lagoons  
l o c a t e d  immediately n o r t h e a s t  of t h e  s i t e ,  as shown i n  F igu re  11-12. 
The r a w  sewage is  decomposed by atmospheric  oxygen o r  consumed by a lgae .  
The lagoons have a combined c a p a c i t y  of 14.6 m i l l i o n  g a l l o n s .  
i n p u t  t o  NRF lagoons  varies from 1 t o  1.5 m i l l i o n  g a l l o n s ,  which 
evapora t e s  n a t u r a l l y .  The lagoons  are l i n e d  w i t h  6 i n .  of c l a y  s o i l ,  
which w a s  i n s t a l l e d  i n  2-in. l a y e r s  and compacted t o  95% maximum d e n s i t y .  
Sedinent  depth  i n  t h e  %600,000 f t 2  of  lagoon area i n c r e a s e s  a t  a r a t e  
of  0.018 i n . / y r ,  assuming even d i s t r i b u t i o n  of t h e  annual  average  of 
900 f t 3  of nondegradable  materials pumped t o  t h e  ponds. 
o r  over f lows  from t h e  ponds are  a n t i c i p a t e d .  

Monthly 

No d i s c h a r g e s  

e. System f o r  D i sposa l  of Rad ioac t ive  So l id  Waste 

S o l i d  r a d i o a c t i v e  waste materials genera ted  du r ing  t r a i n i n g ,  
maintenance, and ove rhau l  o p e r a t i o n s  inc lude  expended f i l t e r s  and r e s i n s  
from a i r  and water t r ea tmen t  systems,  r a g s ,  pape r ,  po lye thy lene ,  t o o l s ,  
and misce l laneous  equipment. All NRF o p e r a t i o n s  s o l i d  w a s t e  materials 
t h a t  can b e  compressed are b a l e d  i n  a compactor l o c a t e d  a t  ECF; compac- 
t i o n  reduces  t h e s e  material volumes by a f a c t o r  of  about  10. The b a l e s  
are packaged and t r a n s f e r r e d  t o  t h e  INEL Rad ioac t ive  Waste Management 

11-52 



Complex. Materials which cannot  be  compacted, such as c o r e  s t r u c t u r a l  
components, are packaged and a l s o  t r a n s p o r t e d  t o  t h e  INEL Rad ioac t ive  
Waste Management Complex. 

Table  11-15 shows t h e  annual  volumes and a c t i v i t i e s  of NRF s o l i d  
waste, compacted and noncompacted, t h a t  had been b u r i e d  s i n c e  1961, 
and i n d i c a t e s  t h e  improvements i n  waste management implemented a t  NRF 
i n  r e c e n t  y e a r s .  I n  a d d i t i o n  t o  i n s t a l l a t i o n  of  t h e  baler-compactor ,  
conce r t ed  management a t t e n t i o n  h a s  been d i r e c t e d  t o  a d m i n i s t r a t i v e  
c o n t r o l s  t o  reduce t h e  volume of  waste genera ted .  Recent s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  volume of  waste b u r i e d  i s  shown i n  F igure  11-14. 

-TABLE 11-15 

SUMMARY OF ANNUAL N R F  SOLID WASTE BURIAL 

Volume 
Year ( f t 3  103) A c t i v i t y  (Ci  x 103) 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 
1970 

1971 

1972 

1973 

1974 

27 

29 

4 1  

36 

55 

5 1  

49 

55 

64 

68 

55 

32 
16  

10 

11 

12 

21 

24 

501 

7 87 

8 01 

193 

644 

101 

55 

11 

9 
6 

As d i s c u s s e d  above, ECF receives expended naval r e a c t o r  f u e l  components 
which are removed by the Navy from i ts  n u c l e a r  powered s h i p s .  ERDA 
assumes cus tody  of  the expended f u e l  a t  the r e f u e l i n g  sh ipya rd ,  t h e n  
s h i p s  t h e  f u e l  t o  INEL. There,  the expended f u e l  f i r s t  goes t o  ECF 
a t  t h e  NRF where non-fuel-bear ing p o r t i o n s  of t h e  f u e l  modules are 
removed. The s p e n t  f u e l  from t h e  modules then  is  d e l i v e r e d  t o  ICPP 
f o r  recovery  o f  t h e  remaining f i s s i l e  material. The nonfue led  p o r t i o n s  
of  t h e  modules are noncorroding materials, such as s t a i n l e s s  s teel ,  
whose r a d i o a c t i v i t y  i s  due p r i n c i p a l l y  t o  cobal t -60 produced by neu t ron  
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a c t i v a t i o n  du r ing  r e a c t o r  c o r e  o p e r a t i o n  i n  nava l  n u c l e a r  powered s h i p s .  
Approximately h a l f  of t h e  volume and 95% of t h e  r a d i o a c t i v i t y  i n  NRF 
disposed  s o l i d  waste is produced i n  t h e s e  ECF ope ra t  i ons .  

S t r i n g e n t  c o n t r o l s  f o r  packages and t r a n s p o r t i n g  of t h e s e  rad io-  
a c t i v e  s o l i d  materials are imposed t o  prevent  any a c c i d e n t  which could 
cause  t h e  package t o  l e a v e  t h e  t r a n s p o r t  v e h i c l e .  These c o n t r o l s  a l s o  
inc lude  use o f  INEL s e c u r i t y  and r a d i o l o g i c a l  c o n t r o l  e s c o r t ,  a maximum 
speed of 10 mph, and p e r i o d i c  c o n t a i n e r  and v e h i c l e  p reven t ive  maintenance. 
Even i f  an a c c i d e n t ,  such as a head-on c o l l i s i o n  w i t h  another  v e h i c l e ,  
should  r e s u l t  i n  s e p a r a t i o n  of a c o n t a i n e r  from a t r a n s p o r t  v e h i c l e ,  
t h e  c o n t a i n e r  i n t e g r i t y  would be  maintained and no s i g n i f i c a n t  environ-  
mental  r a d i o l o g i c a l  e f f e c t s  would r e s u l t .  Furthermore,  most of t h e  
a c t i v i t y  i s  m e t a l l u r g i c a l l y  r e t a i n e d  w i t h i n  t h e  s t a i n l e s s  s tee l  s t r u c t u r a l  
components; consequent ly ,  any release of r a d i o a c t i v e  m a t e r i a l  under 
any acc iden t  s i t u a t i o n  would be less than f o r  o b j e c t s  contaminated wi th  
p h y s i c a l l y  de t achab le  r a d i o a c t i v e  material. 

f .  System f o r  Disposa l  of Nonradioact ive So l id  Wastes 

This k ind  of waste c o n s i s t s  of garbage from t h e  c a f e t e r i a ,  
c o n s t r u c t i o n  d e b r i s ,  b a r r e l s  o f  chemicals  ( l i q u i d  and s o l i d ) ,  o i l ,  s o l v e n t s ,  
and wastepaper .  Th i s  waste i s  shipped t o  t h e  INEL s a n i t a r y  l a n d f i l l  
a t  CFA. 
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